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HALPERT: Gentlemen, in we take  our  s e a t s ,  please? 
Good morning. Welcome, a l l ,  back t o  t h e  t h i r d  
iession on the nickel-cadmium b a t t e r i e s ,  t h e  NASAj/Goddard 
battery Workshop. 
If you have no t  signed t h e  sign-in s h e e t ,  i f  you 
?ere not  here yesterday o,r i f  you were here  and d i d  not  sigr.  
:ha shee t ,  we would apprec ia te  you s igning it t o  make sure 
:hat we have recorded a l l  the people who a r e  here for t h i s  
reeting . 
A t  the s i d e s  of the mom w e  have some add i t iona l  
sa ter ia l .  B i l l  Webster brought over t h r e e  samples of 100 
unpere hour cells from Eagle Picher,  GE, and Gulton f o r  you 
;o inspect  during the bieak t i m e  i f  you have a f r e e  moment. 
Pheiw weights ara listed. 
Tom Hennigan would l i k e  t o  say a couple of words 
>eforo we g e t  going with our  materials sec t ion .  , 
HEt?biIG%: Recently a t  these  meetings wetve been 
231 
. ,. 
ta lk ing  more and more about the  company's products and ident i fy-  
ing them, which is good. But I not iced yesterday the re  has t o  b 
some c l a r i f i c a t i o n  on some of these  things:  d i d  you t r e a t  
them o r  did you do something t o  them, because t h i s  i s  n o t  
r ea l ly  the same product any more i f  you d i d  something. 
I guess i n  t h e  separa tor  a rea  t h i s  becomes p a r t i -  
~ u l a r l y  touchy because as f a r  a s  I know, a l l  f i b e r s  have a 
Lubricant on t h e  su r face  s o  t h a t  f i b e r s  can be handled i n  t h e  
nachinery. It j u s t  s o  happens t h a t  lub r i can t s  are usual ly  good 
vet t ing agents and i f  you rerove them before ydu pu t  it i n t o  
a cell, you 're  going t o  change t h e  c h a r z c t e r i s t i c s  of t h a t  
na te r i a l  and no longer can you i d e n t i f y  it by t h e  manufacturer's 
lumber unless you p u t  some kind of a subsc r ip t  a f t e r  it l i k e  
L used on mine, "AR" f o r  "as received,"  'Wn f o r  "washed," and 
"T" f o r  " t reated."  
I couldn ' t  go i n t o  a l l  t h e  th ings  w e  d i d  but  a t  
Least you knew we  had changed it. To go i n t o  a l l  t h e  t r e a t -  
nents and washing would take  q u i t e  a long time. ' 
I ' t h i n k  we have to do t h i s  to  p r o t e c t  those who 
3ave us  o r  so ld  us t h e  mater ial .  
Thank you. 
HALPERT: I f  anyone would l i k e  t o  make correc t ions  
in t h e i r  p a r t s  of tho paper, i f  t h e y ' l l  contact  me within t h e  
Iext  week I 'll be glad t o  i n s e r t  t h e  proper subsc r ip t s  s o  t h a t  
L t  i s  recorded properly. 
! 
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For our f i r s t  speaker t h i s  morning on mate r i a l s ,  
30b Howard from Eagle Picher  i s  going t o  t a l k  about machine 
?recessing f o r  dry s i n t e r e d  plaque. 
Bob Howard. 
IIOWARD: The purpose of t h i s  paper i s  t o  present  
some of the  work accomplished on t h e  NASA process v a r i a b l e  
study, con t rac t  number NAS 521159. This p r ~ s e n t a t i o n  p e r t a i n s  
to t h e  development of t h e  semi-automatic process f o r  the dry 
s in te r ing  of porous n icke l  plaques, 
The authors  of t h i s  paper, M r .  Walt McCarter, 
2r. Don Crabtree,  and myself, wish t o  acknowledge t h e  tcchni- 
:a1 as s i s t ance  of M r ,  Floyd Ford, Goddard Epacc  light Center. 
The design concept b a s i c  t o  t h e  program was t o  
Sevelop a machine system t o  manufacture dry s in teked n icke l  
plaques. The t a r g e t  spec i f i ca t ions  were plaque thickness  p lus  
Dr minus 1/1,000 of an inch anywhere on a plaque and from 
plaque t o  plaque; plaque poros i ty  of . 4  of one percent  anywhere 
on a plaque and from plaque t o  plaque. Yield weights were 85 
percent of a l l  plaques produced were within p lus  o r  minus 2 
grAs on a 100-square-inch plaque area.  
02 3 3 
The design concept d i c t a t e d  c lose  machine t o l e r -  
ances, machine s t a b i l i t y ,  reproduceabi l i ty  of machine opera- 
t i o n s ,  and no hand labor  which would d i r e c t l y  inf luence t h e  
forming of t h e  n icke l  plaque. 
A machine system which s a t i s f a c t o r i l y  met a l l  of 
the  foregoing c r i t e r i a  evolved during the  development program. 
Figure 1 presents  a photograph of the  f i n a l  configurat ion of 
t h e  plaque-forming machine. 
Floyd, would you t u r n  the  l i g h t s  down, please? 
. (Sl ide  109.) 
To the r i g h t  beneath t h e  con t ro l  panel is shown 
a t y p i c a l  c a r r i e r  p l a t e n  which i s  used i n  conjunction with 
the  machine. The p l a t e n  is approxinately 1 f o o t  square and 
is fabr i ca ted  from 031 th ick  n icke l  200 shee t .  
Located i n  t h e  cen te r  of the  p la ten  is a n icke l  
subs ' t ra te  screen. P r i o r  t o  joining t h e  screen t o  the  p la ten ,  
t h e  p l a t e n  i s  f l a t t e n e d  i n  an impact press  with an automatic 
feed. The screen  i s  processed through a neophrene-faced 
press  during which a s e r i e s  of 60 each, 1/8th inch diamter 
embossed s tuds  are formed i n  the  screen. 
The embossings hold t h e  screen approximately 
7/1000ths above the p l a t e n  thus a s s i s t i n g  i n  pos i t ioning  the  
screen i n  t h e  cen te r  of the plaque. 
The p la ten  with the  screen is  i n s e r t e d  i n t o  t h e  
machine underneath the  two p a r a l l e l  bars and a ground s t e e l  
t a b l e  possessing a c i rcumferent ia l  O-ring i s  ac t iva ted  upward 
and f i rmly holds t h e  c a r r i e r  p l a t e n  aga ins ta the  underneath side 
of the p a r a l l e l  bars.  
A vacuum is  pul led  over t h e  e n t i r e  lower s i d e  of 
the  c a r r i e r  platen.  This vacuum f l a t t m s  t h e  p la ten  agains t  
the  vacuum table .  
Next, t he  s torage  hopper containing t h e  n icke l  
powder lowers and a pre-determined quan t i ty  of n ickel  powder 
i s  automatical ly  dispensed a t  t h e  upper end of the  platen.  
The hopper automatical ly  r e t r a c t s  and the re  i s  a narrow p i l e  
of n icke l  powder immediately i n  f r o n t  of the  crossbars  shown 
This crossbar  i s  mounted a t  each end t o  biashing 
blocks which are c a r r i e d  on precision-ground shaf t ing .  The 
s h a f t i n g  is protec ted  by s h a f t  boots and each s h a f t  i s  posi- 
t ioned on an ad jus tab le  weigh mount. 
The s h a f t s ,  c rossbar ,  p a r a l l e l  bars ,  vacuum t a b l e ,  
and c a r r i e r  p la t en  are thus located p rec i se ly  t o  one another,  
insur ing  t h e  required dimcasional cont ro l .  
Carried beneath the  crossbar  a r e  two semicircular  
polished rods mounted p a r a l l e l  t o  one another. The rear bar  
determines the  f i n a l  thickness  of the unsintered plaque. 
Upon command of the  machine opera tor ,  t h e  crossbar  assembly i s  
actuated forward. This motion pushes t h e  n icke l  powder across  
the  p la ten  and screen forming the  unsintered plaque. 
After the  plaque is  formed, t h e  vacuum t a b l e  
lowers, the  operator  removes tho c a r r i e r  p l a t e n  and places it 
on a b e l t  of t h e  s i n t e r i n g  furnace. 
The crossbar  i s  returned t o  t h e  r e a r  pos i t ion  and 
t h e  operator  removes any n icke l  powder from the vacuum tab le .  
The machine is con t ro l l ed  employing a pneumatic 
L ~ g i c  system which is in ter locked with var ious mechanical 
motions of t h e  machine., The machine is  housed i n  a temperatur 
cont ro l led  room adjacent  t o  t h e  s i n t e r i n g  furnace. 
Several  problems were incurred during t h e  develop- 
ment, sane of  which deserve comment. 
Ground ceramic p l a t e s  were t r i e d  as c a r r i e r  
platens.  These ceramic p l a t e s  i s a d  t o  an exce l l en t  q u a l i t y  
plaque bu t  repeated passes  through t h e  s i n t e r i n g  furnace 
' 
r e s u l t e d  i n  g ra in  growth and eventual  f r ac tu re .  The u l t imate  
so lu t ion  was the n icke l  p l a t e - u s e d  i n  conjunction with the  
vacuum tab le .  
Dimensional con t ro l  on t h e  n ickel  c a r r i e r  2 la t ens  
i s  a s  good a s  t h a t  determined i n  early use of t h e  ceramic 
platens.  
The f i r s t  method of d i s t r i b u t i n g  t h e  n ickel  powder 
was t o  s i f t  it onto t h e  carrier p l a t e n  and s u b s t r a t e  screen. 
This procedure r e su l t ed  i n  p o r o d t y  v a r i a t i o n s  a s  high a s  
p lus  or minus 2 percent  and i n  non-reproduceable weight of 
n ickel  powder l a i d  down per u n i t  area.  
The presen t  method of drawing a p i l e  of n icke l  
powder ac ross  the s u b s t r a t e  sc reen  proved t o  so lve  both of t h e  
above problems. 
Figure  2,  p l ease ,  B i l l .  
(S l ide  110. ) 
Figure presenta  comparison of t h e  s i f t  
and pile-and-draw method. Shown an t h e  thickness  of t h e  f i n a l  
c e n t e r  plaque a s  a func t ion  of t h e  f i n a l  n e t  weight of n i c k e l  
powder Raid down on a 2-square-inch sample, t h e  r e s u l t  revea l  
a clear l i n e a r  c o r r e l a t i o n  between th ickness  and n e t  weight 
of  n i c k e l  powder l a i d  down f o r  t h e  pile-and-draw method. 
The sift method has no clear c o r r e l a t i o n .  
. . Figure 3. 
(S l ide  .. 111.) 
I 
Figure 3 p resen t s  plaques 100 sqriare inches  i n  
s i z e  as a funct ion of plaque weisht  f o r  two groups of  plaques 
poduced  on t h i s  machifie. Of 3,010 29-mill plaqnes,  89 percent 
were wi th in  p lus  o r  minus 2 grains. O f  403 each 2 1 - m i l l  plaques 
97 percent  were wi th in  p lus  o r  minus 2 grams. 
A l l  of the plaqueJ were 100 square  inches  i n  ~ i z e .  
This uniform weight c h a r a c t e r i s t i c  is  a d i r e c t  
r e s u l t  of the mechanics of t h e  aforementioned pile-ai~d-draw 
method. 
The day-to-day production y i e l d  of  plaques wi th in  
p l u s  o r  minus l / l , O O O t h s  of a des i r ed  thickness  is approximatel 
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9G percent.  The poros i ty  v a r i a t i o n  of 1 ,010  2 9 - n i l 1  ~ l a q u e s  i 
previously mentioned was from 85.0 t o  55.7 f o r  t h e  p a r t i c u l a r  
furnace condi t ions of the  same process. 
T h  s t r eng tn  of the  plaques a s  d e t e r m i ~ e d  by 
a standardized break test exceeds the  normal xequircxents 
applied t o  s i m i l a r  products manufa~tured by t h e  manual method. 
From our da ta  we reached these conclusions: 
We concluded t h a t  a dry  s in te red  nick21 plaque 
ccrr, be produced by a machine system, and such a procedure 
y i e l d s  des i red  c h a r a c t e r i s t i c s  of thickness ,  porosity-, and 
weight per u n i t  volume of area.  
We might add that t h i e ' p r o c e s s  has been incorpczratt 
I 
-*; 
on t h e  following programs: 
'Philco-Ford SMS program, Grumman 100 ampere hour 
program, NASA/Goddard 6 ampere hour program f o r  separa tor  
study, and Boeing c e l l s  f o r  t h e  United S t a t e s  A i r  Force. 
May we have t h e  l i g h t s ,  please? 
(Sl ide o f f .  ) 
HALPERT: Are the re  any quest ions f o r  Bob about 
t h i s  process? 
John? 
PARRY: Parry,  Arthur D. L i t t l e .  
Is the re  any tendency f o r  the  n icke l  powder t o  
s t i c k  t o  the n ickel  p la ten?  
HOWARD: Yes, sir,  t h e r e  is. 
Ace - Federal Repocters, Inc. 
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PARRY: Does t h i s  cause any r e a l  probbm Zrom the 
po in t  of view of t h e  production process? 
HOWARD: The c a r r i e r  p la t en  -- niche1 c a r r i e r  
p la t en  is t r e a t e d  i n  such a way t h a t  t h i s  s t i c k i n g  i s  only 
aroufid the  edges of the  platen.  The plaque i s  then trimmed 
and t h i s  a rea  i s  c u t  o f f .  
PARRY: What i s  t h e  treatmenr? 
HOWARD: Zirconium oxide. 
PARRY: Thank you. 
JUUSERT: Any o t h e r  quest ions? 
Okay, thank you- Oh, s o r r y ,  one more back there.  
BACHER: A r e  the re  any problems with poros i ty  
va r i a t ions  through t h e  thickness  of t h e  plaque? 
HOWARD: This was inves t iga ted  with a weight 
determination of var ious a reas  over t h e  plaque wherein areas  
were punched from t h e  plaque and c a r e f u l l y  analyzed f o r  weight. 
Re have found t h a t  the  d i s t r i b u t i o n  of weight per u n i t  a rea  
i s  very good i n  t h i s  dry s i n t e r e d  plaque. 
BACHER: I don't mean from an a rea  point  of view 
bu t  is  one s i d e  of the  plaque denser than t h e  o the r  s i d e  of 
t h e  plaque? 
HOWARD: Predominantly t h e  s u b s t r a t e  s t ~ u c t u r e  i s  
on one s i d e  of the  plaque. This,would possibly l i m i t  sur face  
area on t h a t  s i d e ,  yes ,  sir. Is t h a t  t h e  question? 
BACHER: Yeah. W e l l ,  could t h i s  a f f e c t  t h e  surface 
Reporters. Inc. 
25 
239 
a rea  that t he  opposing negative p l a t e s  see -- you kilcw, the 
opposing p la te s?  
HOWARD: I th ink  E a r l  C a r r  is j u s t  chontping a t  the 
bit to  answer t h a t  question. 
CARR: Earl  Carr,  Eagle Picher. 
The reason t h a t  t h e  screen w i r e  is  predominantly 
on one s i d e  is  because i n  order  t o  maintain something s i m i l a r  
tc previous q u a l i f i e d  designs w e  i n t e n t i o n a l l y  p u t  the screen 
w i r e  o f f  cen te r  on one side; 
Now this procedure is so good t h a t  you can 
. . 
l i t e r a l l y  laminate t h e  screen on one s i d e  of t h e  plaque and 
then a l l  you see is  t h e  screen and the plaque almost looks 
l i k e  i t ' s  separated -- l i k e  i t 's glued on, bu t  t h a t ' a  a 
devia t ion  from our process.  
Now we're continuing on to  i n v e s t i g a t e  pu t t ing  t h e  
screen i n  the p r e c i s e  cen te r  of t h e  plaque. Again, t h i s  is a 
change to  what has been used i n  the p a s t  so w e  have to proceed 
a l i t t l e  b i t  slowly. 
S v t  T have a question, and t h a t  is  I understand 
your quest ion in t h a t  the  v a r i a t i o n ,  say,  over the thickness ,  
whether i t ' s  a 20-mill plaque o r  a 30-mill plaque, what i s  i t  
a t  one p o i n t  and what i s  it a t  another. 
We r e a l l y  don't  know a good way t o  measure this 
and i f  anyone has any comments about t h i s  we would r e a l l y  
appreciate  any inpu t  as t o  how you would determine the  uniformj 
.m 
ebf 1 
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of a cross-sect ion l i k e  t h a t .  
HOWARD: Also i n  response t o  your quest ion,  we have 
analyzed f ixed  areas of an impregnated plaque and t h e  n e t  weigl 
pe r  f ixed  a rea  is cons i s t en t  over d i f f e r e n t  a reas  of t h e  plaque 
However, analyzing f o r  which s i d e  and how deep the impregnatior 
is -- I'm not  su re  I can answer your quest ion,  sir. 
CARR: Also, regarding t h e  e f f e c t i v e  axea of the 
plaque, i f  you were t o  take  the p l a t e s  and when you o r i e n t  
them i n  t h e  cell you w i l l  f i n d  t h a t  t h e  screen s i d e  of t h e  
p o s i t i v e  always opposes t h e  screen s i d e  of t h e  negative s o  that 
you always have the l i k e  side opposed t o  l i k e  s i d e  i n  a 
design. 
I think you can work this out.  It's a geometrical 
thing. The p l a t e s  are a l l  t h e  same so when you t u rn  t h e  nega- 
t i v e s  aga ins t  t h e  p o s i t i v e s  they face the  same type s ide .  
HALPERT: You're t e l l i n g  your s e c r e t s .  
Any o t h e r  quest ions of Bob? 
GROSS : Sid Gross, Boeing . 
Have any measurements been taken on the  s t r eng th  oi 
the  plaque? 
HOWARD: Y e s ,  sir, t h e r e  has been. 
GROSS: Do you have any comments on how s t reng th  
i s  changed a s  a r e s u l t  of modifying t h e  processes? 
HOfJARD: I would say t h a t  t h e  s t r eng th  is more 
uniform over t h e  given a r e a  of t h e  plaque. f a r  as 
Rcwctcrr. Inc. 
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mechanical s t r eng th ,  t h i s  is determined by the s i n t e r i n g  
elements of t h e  process,  not  by the i n t e r a c t i o n  of t h e  long 
n icke l  f i b e r  and any matter  t h a t  would be j u s t  deposited on t h ~  
substrace s t r u c t u r e ,  
As f a r  as the  s t r eng th  determination, w e  have the  
designer  of this machine, I bel ieve  when he was with Tyco Labs 
I f  you have any quest ions about t h e  elements of t5e machine 
o r  t h e  method of determination of s t r eng th ,  he would be glad 
t o  answer those,  I ' m  sure .  
.VOICE: Thank you, Bob. 
HOWARD: That 's  f ine .  I 'll j u s t  s h i f t  a l i t t l e  of 
t h e  r e s p o n s i b i l i t y  around. 
Yes? One more question? 
RUBIN: Rubin, Tyco. 
' You mentioned some weight d i s t r i b u t i o n  over a 
hundred-square-inch plaque, 85 percent  of  them f e l l  within two 
grams of a c e r t a i n  n e t  d i s t r i b u t i o n .  What is t h e  smal les t  
ayes t h a t  you measured and what w a s  t he  weight d i s t r i b u t i o n  on 
t h s t  smal les t  sanple? 
HOWARD: Neiyht d i s t r i b u t i o n  for a given area? 
RUBIN: In  your method you d i s t r i b u t e  a f a i r l y  
cons i s t en t  amount of powder over a l a r g e  area, but  have you 
measured the  uniformity over smaller a reas  and i f  so, what 
was i t ?  
HOWARD: Yes. The measurements mentioned were 
.4w - Fedoral kporbir, Inc. 
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over a sma2lcr area. They were two-square-inch samples 
ebout one inch e f f e c t i v e l y ,  and these were c u t  from t h e  same 
a reas  of d i f f e r e n t  plaques and then compared with each o t h e r  
on plaques and with each o the r ,  plaque t o  plaque -- 
RUBIN: And t h i s  gave -- 
HOWARD: -- by thickness  and weight. 
RUBIN: And what percentage devia t ion  d id  you f ind '  
i n  those small  c reas  from plaque t o  plaque? 
HOWARD: I ' m  so r ry ,  I don8 t th ink  I have t h a t  d a t a  
with me.  I d o n ' t  r e a l l y  know. 
CARR: E a r l  Carr, Eagle Picher. 
The reason we went i n t o  t h i s  work w a s  as a r e s u l t  
. . 
of t h e  first two q u a r t e r s  of t h e  NAS 521159 cont rac t .  We found 
v a r i a t i o n  wi.thin-- W e  were working t o  p lus  o r  minus 3/1,00Oths 
which is reasonably t y p i c a l  and we  found v a r i a t i o n  wi th in  
this' range and w e  identified it. 
And w e  found some s u r p r i s e s  during t h e  f i r s t  t w o  
q u a r t e r s  i n  t h a t  w e  took the d a t a  and w e  compared within a 
plaque n ine  samples, as Bob mention, two-square-inch samples 
taken i n  nine p laces  from a plaque. Then we compared those 
nine samples t o  each o the r ;  we compared them t o  t h e  next  plaque 
i n  the sequence. Then w e  compared them t o  t h e  next  day a t  t h e  
same s e t t i n g ,  and then w e  compared them to  t h e  next  weeks i n  
o the r  words, d i f f e r e n t  types of reruns.  
And t2m s u r p r i s e  was -- and t h i s  d a t a  is  presented 
24 
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in t h e  f i r s t  two q u a r t e r l y  r e p o r t s  -- was t h a t  tve found t h a t  
:he v a r i a t i o n  i n  t h e  plaque is i n  any one s i n g l e  plaque. 
Something l i k e  80 percent  of a l l  t h e  v a r i a t i o n  w e  ever  experienc 
fou can f i n d  -- o r  wo used to  be a b l e  t o  f ind  i n  a s i n g l e  
?laque, s o  t h a t  it became very obvious t h a t ,  i f  you have a 
plaque, a s i n g l e  plaque, t h a t  does no t  have any v a r i a t i o n ,  
re have immensely improved t h e  pxocess, and t h i s ,  indeed, is 
that w e  did. 
The means by which we  did it were t o  l a y  a plaque 
rhich, when it i s  introduced i n t o  t h e  furnace,  is  uniform 
aecause, i f  it i s  introduced i n t o  t h e  furnace uniformly, it 
:omes o u t  uniformly. So this is  why t h e  emphasis was placed 
m the  equipment .to l a y  the plaque i n  s uniform manner. 
To maybe add one Itlore p o i n t  on your quest ion,  i n  
rigure 2, I ptesented t h e  weight of n icke l  powder i n  grams per  
two-squara-inch sample, T h i s  w a s  on 250 d a t a  po in t s  c u t  from 
various plaques, possibly from -- I would assume maybe f i v e  
mnples per  ~ l a q u e  6r something along that l i n e  s o  t h e r e  would 
>e an ana lys i s  across  approximately 500 square inches of  
~ l a q u e  area. 
It appears t h a t  t h e r e  may be less than maybe or- 
.2 of a gram v a r i a t i o n  among the samples pul led  from 500 square 
inches of plaque mater ial .  
MAHATO: Elahato, from Globe Union. 
Is t h a t  v a r i a t i o n  any way r e l a t e d  t o  t h e  p a r t i c l e  
s i z e ?  
HOWARD: 18 ,m so r ry ,  I d i d n ' t  understand t h e  questic 
MAHATO: Is t h a t  v a r i a t i o n  any way r e l a t e d  t o  t h e  
p a r t i c l e  s i z e ?  
HOWARD: The p a r t i c l e  s i z e  of t h e  n i c k e l  povder? 
MAHATO: T h t t ' s  r i g h t .  
, HOWARD: An a n a l y s i s  on t h e  ind iv idua l  size of  eacl 
n i cke l  f i b e r  l a i d  down wasn ' t  done b u t  t h e  bulk dens i ty  of t h e  
powder p r i o r  t o  i ts lay ing  on t h e  s u b s t r a t e  was analyzed. 
Other than the bulk dens i ty  measurement, I ' m  n o t  s u r e  I can 
answer your ques t ion  abouk p a r t i c l e  size of t h e  n i c k e l  f i b e r .  
However, there are two types  of carbonyl nickel 
powder. Both were inves t iga ted  and both can be s a t i s f a c t o r i l y  
l a i d  i n  t h e  dry process.  
BELOVE: Belove of Marathon. 
Was the bulk d e n s i t y  of  t h e  var ious  cells main- 
t a ined  a t  a constant?  
HOWARD: Y e s ,  sir. The bulk dens i ty  does come i n  
i n  a  va r i ed  range wi th in  one p a r t i c a l a r  type of t h e  carbonyl 
powder. I be l i eve  t h a t  your carbonyl type 287 might run from 
.8 grams per cubic  cent imeter  t o , a s  high a s  1 gram pe r  cubic  
centimeter.  
The dry  process al lows us  t o  c o n t r o l  bulk dens i ty .  
We can select our bulk d e n s i t y  t o  any d e s i r e d  P ina l  plaque 
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c h a r a c t e r i s t i c s ,  both wi th in  the  255 and t h e  287 range. 
BELOVE: You select t h e  bulk dens i ty .  That means 
you select b a r r e l s  of ma te r i a l  and reject o t h e r  b a r r e l s ?  
HOWARD: We may use a l l  b a r r e l s  received b u t  bulk 
dens i ty  can a f f e c t  p o r o s i t y  of your plaque on a u n i t  area -- 
weight o r  thickness  u n i t  a rea .  
BELOVE: Thank you. 
HOWARD: I would l i k e  t o  a l s o  p o i n t  o u t  t h i s  is onc 
advantage, we f e e l ,  i n  t h e  d ry  s i n t e r  process ,  is  t h e  a b i l i t y  
to  c o n t r o l  bulk d e n s i t i e s .  It selects r a t h e r  n i c e l y  t o  what- 
eve r  you want t o  g e t  o u t  t h e  o t h e r  end of your furnace.  
FORD: Ford, NASA/Goddard. 
Gerry, I would like t o  ask one quest ion.  
Bob, i f  I understand what you're saying you ' re  
saying t h a t  the v a r i a b l e  is i n  t h e  bulk dens i ty  b u t  by con- 
t r o l l i n g  some of t h e  v a r i a b l e s  i n  t h e  process ,  you can account 
f o r  t h i s  i n  the f i n a l  plaque? 
HOWARD: D o  you th ink  you remember t h a t  w e l l  enougl 
t o  r e p e a t  i t ?  
(Laughter. ) 
FORD: Okay,. I ' m  t r y i n g  t o  c l a r i f y  a p o i n t  becausc 
I ' m  a l i t t l e  b i t  confused now. 
You acknowledge t h e r e  i s  a v a r i a b l e  i n  the bulk 
dens i ty  of n i cke l  powder. 
HOWARD: Yes, sir, t h e r e  is. 
I ."I- 
FOPJ): And the  implicat ion of what you s a i d  is 
t h a t  you allow t h i s  va r i ab le  t o  come i n t o  t h e  s i n t e r i n g  
process but  you can counteract  i t  somewhere i n  t h e  process t o  
give the same plaque c h a r a c t e r i s t i c s  i n  t h e  end product. 
HOWARD: Yes, you can, Floyd. I t  is poss ib le  t h a t  
you can change your furnace s e t t i n g  to  allow f o r  devia t ions  i n  
bulk densi ty ,  -- 
' FORD: Okay. 
HOWARD: -- bu t  I'm not  sure  t h a t  is  wha': you,'d 
want t o  do. I th ink  I ' d  r a t h e r  know what bulk dens i ty  I ' m  
s t a r t i n g  with and leave my furnace where 1 had it and take  
t h e ' s a c r i f i c e s  on t h e  higher  end of t h e  bulk dens i ty  and 
poros i ty  . 
'PARRY: Parry,  Arthur D. L i t t l e .  
The work w e  d i d  a t  Tyco,I think we found t h a t  i f  
t h e r e  were v a r i a t i o n s  i n  bulk dens i ty  with t h e  s t a r t i n g  powder, 
that i f  you djd change e i t h e r  t h e  s i n t e r i n g  t i m e  o r  the  s i n t e r -  
i n g  temperature you could end up with a plaque with the  
c h a r a c t e r i s t i c s  t h a t  you wanted. 
We would need some exploratory work t o  f i n d  o u t  
what you had t o  do t o  g e t  t h e  c h a r a c t e r i s t i c s  you wanted but  
i n  general ,  t he  poros i ty ,  t h e  r e s i s t ance ,  the mechanical 
s t r eng th  of the  plaque a l l  move together  so you could g e t  tho  
plaque with the  c h a r a c t e r i s t i c s  you wanted j u s t  by changing the 
s i n t e r i n g  conditions.  
HOWARD: I th ink  Sonotone i s  going t o  have some- 
th ing  t o  say. 
BELOVE: Belove of Marathon, 
I d i d n ' t  want t o  pursue this th ing  b u t  now t h a t  it 
has been taken up, t h e  powder v a r i a t i o n  -- the powder as we 
rece ive  it v a r i e s  p r a c t i c a l l y  from b a r r e l  t o  b a r r e l ,  an2 
probably wi th in  the b a r r e l .  The quest ion here is-- There are 
severa l  ways of na in ta in ing  uniformity of t h e  f in i shed  plaque 
i f  the bulk dens i ty  of  the powder i s  founG t o  vary. 
-,The po in t  we're t r y i n g  t o  get here is: How do you 
ob ta in  uniformity i n  the plaque, when t h e  b a r r e l  -- the bulk 
dens i ty  of the various b a r r e l s  vary? 
One method of course i s  t o  mix the powder and 
ob ta in  a uniform o r  a t  l e a s t  a p r a c t i c a l l y  uniform bulk 
dens i ty .  Now the o the r  method would be, as w e  j u s t  mentioned, 
J 
by changing the parameters which would be a r a t h e r  t r i c k y  ' 
job because it would mean experimenting on every b a r r e l  of 
powder, p r a c t i c a l l y .  
Now t h e  quest ion is:. How do you do it I n  a p r a c t i -  
c a l  regime? 
f f O W . . ? ;  Day by day i con t ro l  my bulk densi ty .  I 
don ' t  blend t o  bulk densi ty .  
BEWVE: You don' t  blend. You con t ro l  the bulk 
dens i ty?  
HOWARD: 3 ,  s i r  I u t i l i z e  bulk d e n s i t i e s  within 
I I. 
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a range t h a t  I f ind  acceptable. 
BELOVE: That means t h a t  you r e j e c t  b a r r e l s  of 
powder back t o  the  vendor? 
HOWARD: I haven't  l a t e l y .  
(Laughter. ) 
BELOVE: Then Eagle Picher must have a con t rac t  wi, 
Inco t h a t ' s  spec ia l .  
. HOWARD: W e  have a working r e l a t i o n s h i p  with those 
people. 
.BELOVE: That ' s  good t o  know. Now I 've  learned 
something. Thank you. 
(Laughter. ) 
PAPaY: Parry,  Arthur D. L i t t l e .  
Again my experience was t h a t  wi th in  the barre.l., 
t he  bulk dens i ty  w a s  p r e t t y  uniform. We used t o  sample the  
b a r r e l  a t  var ious l e v e l s  i n  t h e  course of doing our  work and 
f o r  us,  a 200 pound b a r r e l  would l a s t  maybe t h r e e  o r  four  
months f o r  the  work we were doing, so t h i s  w a s  over q u i t e  an 
extended time period. 
BELOVE: I would o u t  t h a t  f o r  you t h a t ' s  a l l  r i g h t .  
PAPRY: This is t rue .  f think you have a very 
val id  poin t ,  t h a t  you have t o  experiment f o r  each bulk densi ty  
i f  you want t o  con t ro l  the  c h a r a c t e r i s t i c s  of t h e  f i n a l  plaquea 
There a re  va r i a t ions  from b a r r e l  t o  b a r r e l ,  but  I 
would l i k e  , t o  mention, too ,  t h a t  blending powders i s  no t  the 
ederal Reporters, Inc. 
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solu t ion  t o  the problem because these  n icke l  carbonyl powders 
a r e  r e l a t i v e l y  f r a g i l e  and any blending process you go through 
ac tua l ly  changes the  bulk densi ty .  
BELOVE: That dzpends on the  quant i ty .  
HOWARD: I might add' t h a t  t h a t ' s  my experience, 
a l so .  I have had no luck i~ blending n icke l  powders. 
BELOVE: Again, it depends on t h e  technique used. 
HOWARD: I ' m  s u r e  t h a t ' s  t rue .  
CARR: Carr,  Eagle Picher.  
.We made a l i t t l e  booboo a long time ago on doing 
t h e  work, t h e  same mistake t h a t  John j u s t  stumbled in to .  H i s  
powder l a s t e d  him t h r e e  or four  months. 
When w e  set up the f i r s t  regression models f o r  
the  s i n t e r i n g  process w e  d i d  not  consider ,  j u s t  a s  an over- 
s i g h t ,  t he  bulk densi ty .  Lou Belove has made a  statement 
t h a t  i t ' s  very t r i cky .  1t can be done a l o t  e a s i e r  than most 
people think by regress ion  ana lys i s  techniques t o  e s t a b l i s h  
p rec i se ly  t h e  v a r i a t i o n s  i n  furnace s e t t i n g  t o  compensate f o r  
a  change i n  bulk densi ty .  
But these th ings  a r e  r e l a t e d  t o  things l i k e  
furnace atmosphere, dew po in t ,  l i k e  you wouldn't be l ieve ,  s o  
it is t r i c k y  but  it is wi th in  t h e  state of t h e  a r t  to  pre- 
c i s e l y  know what s e t t i n g s  w i l l  g ive  you what porosi ty .  
BACMER: J o e l  Bacher, RCA. 
To change the  sub jec t  s l i g h t l y ,  among the  plaque 
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parameters that you measured you mentioned porosity, weight 
and thickness. Do you have any means of determining degree 
of fusion or sintering or some strength? 
G9IIARD: Yes, sir, we do. It's a four-point: band 
tester developed by -- or designed I guess originally by 
Tyco., And the designer, the original designer of that machine 
I 
is with us today, and he'll be glad to comment on that if 
you'd like. 
(Laughter. ) 4 
.I think he is going to refuse to comment right now. 
PARRY: Parry, Arthur Do Little. 
I just want to make one comment to Earl Carr. I 
didnl t -- 
'HOWARD: This is the designer, by the way. 
(Laushter . ) 
PARRY: The four-point band test works and it's 
fully written up for anyone who wants to look it up. I make 
no further comment on that. 
I would like to say to Earl Carr that I didn't 
exactlystumble onto the problems of blending nickel powders; 
it was a specific study on our part, and is also written up 
in one of the early quarterly reports. 
- 
CARI1: Earl Carr, Eagle Picher. 
Sorry about that, John. 
One thing else 1 wanted to say in answer to the 
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question from RCA is  t h e r e  is an,other technique f o r  studying 
bonding and thi-s  is a l s o  reported i n  some of our  e a r l y  
q u a r t e r l i e s  and t h a t  i s  scanning e le2 t ron  microscope p ic tu res  
1 c a n ' t  say t h a t  word. But SEM photographs a r e  f a n t a s t i c a l l y  
reveal ing as t o  the proper t i e s  of the  plaque. You can literal: 
, 
look a t  it and see pore bonding o r  pore fus ion  o r  uneven 
fusion i n  the  photograph. 
And also I th ink  these  photographs. are use fu l  i n  
determining such th ings  a s  pore size d i s t r i b u t i o n .  It's a ver! 
powerful technique. 
HALPERT: Thank you, Bob. 
E a r l ,  I ' m  glad you brought that up. I j u s t  happen 
t o  have a series of  three conglo?nexate photographs on plaques, 
using t h e  SEkf and I ' l l  j u s t  show you. One is an experimental 
model. One is a s p e c i a l  version. Another one i s  a commercial 
product, and I w i l l  j u s t  show you the t h r e e  to  g ive  you some 
idea of the  v a r i a t i o n s  you can g e t  between plaque mater ials .  
(S l ide  .ll2. ) 
: : 
This is the experimental model. You s e e  i t ' s  a 
conglomerate s o  t h a t  'it covers q u i t e  an area .  I th ink  it is,  
a s  I r e c a l l ,  a t  250 X. Each slide, each photograph i n  the  
conglomerate was taken a t  250 X. This i s  a 250 X p a t t e r n  of 
a s i g n i f i c a n t  area o f  t h i s  plague. 
b 
You can see a f a i r  amount of poros i ty  bu t  q u i t e  
a bit of n ickel  powder bonding. 
- Fadoral Repofterr, Inc. 
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(Sl ide 113. ) 
Hefe's a second version. This was made more f o r  
aerospace use. This p a r t i c u l a r  dark area  here is  a problem 
with t h e  SEN. That p a r t i c u l a r  p a r t  d i d  no t  come out.  It is 
not  a hole  a rea ,  as you can see. 
The o ther  a reas  t h a t  a r e  porous tend t o  show up 
r a t h e r  w e l l  bu t  t h a t ' s  kind of blurred.  But here  you see 
s l igh t ly  g r e a t e r  porosi ty;  sti l l  q u i t e  a b i t  of n ickel .  
Both of these  have been made i n  t h e  s l u r r y  process. 
(Slide. 314. ) 
And t he  t h i r d  is  one which was s e n t  t o  us as a 
commercial item and it is from t h e  dry process. You can see 
here g r e a t e r  porosity.  It 's hard t o  ta l l ;  about uniformity 
when you t a l k  aLout plaque mater ia ls  and I don ' t  want t o  say al: 
I c a n ' t  say which is better f o r  what purpose. 
I th ink  w e  have found t h a t  i f  you s i n t e r  them long 
enough, as John Parry and o t h e r s  have been saying, a t  d i f f e ren t  
temperatures you can g e t  t h e  overlappins 'even greater, but 
t h i s  p a r t i c u l a r  one seems t o  have g r e a t e r  poros i ty  than the 
o thers .  But a s  Ear l  has mentioned, it i s  a valuable  t o o l  f o r  
looking a t  these various plaque mater ials .  
However, t h e  mechanical s t r e n g t h  test does give 
you t h e  degree of bonding t h a t  you have between t h e  n icke l  
p a r t i c l e s .  
Are the re  any o the r  quest ions? Oh, I ' m  sor ry .  

Tom Hennigan -- I ' m  sor ry  , Tom -- wanted t o  ask a question. I 
BENNIGAN: I ' d  l i k e  t o  ask t h i s  of Ed Rubin, who 
used to work f o r  T I ,  and t h i s  question came up before,  can w e  
g e t  the  g r i d  i n  the  cen te r  of tile plaque? 
If  I remember r i g h t ,  TI'S g r i d  was on the  s ide .  It 
had t o  be on the  s i d e  because of the  process. This appeared 
t o  be s a t i s f a c t o r y .  
D o  you have any comment? Were the re  any problems 
with t h i s  plaque with t h e  g r i d  on the  s ide?  
' RUBIN: Rubin, Tyco. ... 
I n  most a f  t h e  p l a t e s  t h a t  T I  had worked with,  they 
were under 30Jl;OOOths thick;  and're~tricting.ourselvesto that 
thickness,  we-d id 'no t  run i n t o  any d i f f i c u l t y  i n  terms of 
swelling of mater ia l s  o r  warpage of  t h e  p la te s .  
I be l ieve  once you g e t  i n t o  th icke r  p l a t e s  than 
t h a t  you w i l l  run i n t o  some d i f f i c u l t y ,  e spec ia l ly  with warpage. 
O f  course when it comes t o  making c y l i n d r i c a l  c e l l s  
it is  d e s i r a b l e  t o  have a screen on one s ide .  
PALPERT: A r e  t he re  any o the r  comments o r  quest ions 
regarding plaque mater ia ls?  
(No response. 1 
IIALPERT: Okay, i f  not ,  then w e ' l l  gc over  t o  t h e  
next s t e p ,  t h a t  i s  i n  the  p l a t e  mater ia l s  themselves, impregna- 
t ion ,  and David P i c k e t t  of the  Aero Propulsion Lab., Wright- 
Patterson, wants t o  t a l k  about n ickel  hydroxide e l ec t rodes  
fabr ica ted  from the  Be l l  high temperature electrochemical 
impregnation process. 
PICPSTT: One of the  f i r s t  presenta t ions  a t  the  
b a t t e r y  workshop las t  year  was given by Dick Beauchamp of 
Be l l  Labs on a new high temperature electrochemical impregna- 
t i o n  process f o r  a nickel-cadmium e lec t rode .  I n  'his process 
a s i n t e r c d  n ickel  plaque i s  impregnated by making the  plaque 
cathodic and immersing t h e  plaque i n t o  a bo i l ing  so lu t ion  of 
n icke l  o r  cadmium n i t r a t e  between t w a  i n c r t  annodes and pass- 
i n g  a cu r ren t  of about a ha l f  amp per  square inch of e lec t rode  
su r face  through t h e  plaque. 
The pH o f  t h e  so lu t ion  was i n i t i a l l y  s e t  a t  about 
4 and w a s  con t ro l l ed  by an i n i t i a l  addi t ion  of sodium n i t r a t e  
to the impregnating so lu t ion .  
Electrodes made by t h i s  process showed a subs tan t i a  
increase  i n  capaci ty  over e l ec t rodes  made by conventional 
vacuum impregnation techniques. I n  f a c t ,  performance of the  
e l ec t rodes  was q u i t e  impressive i n  general .  
Since t h i s  t i m e  w e  a t  the  A i r '  Force Propulsion Lab, 
e spec ia l ly  D r .  Lander and I, have been inves t iga t ing  t h e  
process i n  one of our in-house e f f o r t s .  I would l i k e  t o  
present  t o  you today some of t h e  d a t a  t h a t  w e  have obtained 
from t h i s .  I t  i s  by no means conclusive but  I th ink  some of 
it is  r a t h e r  i n t e r e s t i n g .  
Since the  o r i g i n a l  presenta t ion  by D r .  Beauchamp, 
24 
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Bel l  Lc&s has int roduced papers ,  i n  p a r t i c u l a r  a t  t h e  Elec t ro-  
chemical Soc ie ty  i n  Cleveland, where they use  var ious  add i t i ve  
i n  t he  process  f o r  t h e  p o s i t i v e  p l a t e  such a s  c o b a l t .  
f n  the  o r i g i n a l  impregnation s o l u t i m ,  two molar 
n i c k e l  or cadmiuv n i t r a t e  and . 2  molar sodium n i t r i t e  s o l u t i ~ c  
was used and impregnation was c a r r i e d ' o u t  on inch and a ha l f  
by inch and a h a l f  plaques.  W e  deviated--  Well, excuse m e .  
These were connected i n  series i n  beakers  s o  i f  you wanted t o  
impregnate s e v e r a l  plaques a t  a time you nere ly  connected t h e  
beakers i n  series. 
W e  dev ia t ed  from t h i s  o r ig in ' a l  procedure by car ry-  
- 
i n g  o u t  ou r  impregnations i n  a l a r g e  ?yrex v e s s e l ,  connecting 
a l l  of the plaques  t o  be nega t ive  of a power supply and a l l  
of t h e  annodes t o  be p o s i t i v e  so e s s e n t i a l l y  we have the whole 
t h ing  i n  p a r a l l e l  -- plaques  connected i n  p a r a l l e l  i n  the  larg 
bath.  
Our s o l u t i o n  con ta ins  1.8 molar n i c k e l  n i t r a t e ,  
.2 molars c o b a l t  n i t r a t e ,  and . 2  molars.sodium n i t r i t e .  The 
c u r r e n t  we used .varied from . 3  of an amp p e r  square  inch  t o  
.S of an anp p e r  square  inch ,  and i n  most of ou r  succes s fu l  
runs  we have impregnated plaques  as h igh  as -- us ing  c u r r e n t s  
a s  high 'as one amp per square  inch.  
I would l i k e  t o  show you some of  t h e  ga ins  t h a t  
we have obtained on these. 
(Slide 115.) 
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These a r e  30 m i l l  plaques,  dxy s i n t e r  v a r i e t y ,  made 
by Eagle Picher', and you can see  t h a t  the t o t a l  weight gain 
v a r i e s  between 7 and 8 grams. This corresponds t o  roughly 2.3 
ampere hours t h e o r e t i c a l  capaci ty ,  on the t h e o r e t i c a l .  
We formed p l a t e s  of t h i s  type by combining i n  p a r t i  
cu la r  these four  p l a t e s  with f i v e  negatives taken from a 
standard 22 ampere hour a i r c r a f t  c e l l  t h a t  were c u t  t o  3 by 3 
dimeasions. A l l  nine p l a t e s  were made up i n  a formation c e l l  
and the  c e l l  was given an i n i t i a l  formation charge a t  C over 
10  of tho t h e o r e t i c a l  capaci ty  with about 20. percent  overcharge 
Discharge a t  the  one hour rate t o  .9  of a v o l t  
showed 6.55 ampere hours capaci ty .  The c e l l  was then charged 
a t  t h e  one hour r a t e  and discharged a t  t h e  one hour r a t e  t o  
.9  of a v o l t  f o r  27 more cycles  and eventua l ly  showed a capac i t  
of 10.4 ampere hours. 
p o s i t i v e  ~ l a t e s  from t h i s  c e l l  w- re removed, placed 
with four  o the r  pos i t ives  formed by the  same process and t h e  
r e s u l t i n g  c e l l  placed on cycle  l i f e  a t  120 degrees ~ a h r e n h e i t  
with nine negative p l a t e s ,  again the  p l a t e s  being taken from 
conventional ni-cad b a t t e r i e s .  
The c e l l  w a s  sealed w i t h  a 26 p s i  r e l ease  and 
i n i t i a l l y  charged a t  20 amps f o r  one hour. The f irst  discharge 
showed 17.1 ampere hours t o  a cutoff  vol tage of .9  v o l t .  
Cycling was then ca r r i ed  ou t  by charging a t  33 percent  over- 
charge a t  t h e  one hour xa te  based on capaci ty  from the  previous 
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discharge  t o  . 9  v o l t .  
A t y p i c a l  example of  some of t h e  c a p a c i t i e s  obta ine  
A t  cyc l e  N o .  109, 19.7 ampere hours were p u t  i n  
and 13.8 ampere hours were obta ined on d i scharge  t o  .9 of  a 
v o l t .  
A f t e r  152 c y c l e s ,  t h e  cel l  shor ted .  W e  have made - 
o t h e r  cells by t h i s  method and have run them a t  t h e s e  high 
temperatures.  Eventual ly  i n  some of t hese  e l e c t r o l y t e  w a s  
d r i e d  o u t  b u t  w e  have ob ta ined  much h igher  cyc l e  l i f e  than  thes  
But t h i s  is j u s t  a t y p i c a l  example of  some of the work t h a t  
w e  have done. ' 
I th ink  t h e  most impressive t h ing  about it i s  t h e  
charging e f f i c i e n c i e s  f o r  t h i s  h igh temperature.  Ile do no t  get 
near  a s  good charging e f f i c i e n c i e s  o u t  of  convent ional  a i r -  
c r a f t  b a t t e r i e s  a t  t h i s  temperature. I n  f a c t ,  they  a r e  w e l l  
below 50 percen t .  
: We are s t i l l  doing i n v e s t i g a t i o n s  on cells of t h i s  
type and axe making nega t ive  e l e c t r o d e s  by t h e  B e l l  process .  
We hope t o  have some d a t a  on complete cells i n  t h e  nea r  f u t u r e ,  
That  i s  t h e  essence  of my p re sen ta t ion .  A r e  t h e r e  
any ques t ions?  
LACKNER: L a c h e r ,  Canadian Defense Research. 
You mentioned you g o t  good performance a t  h igh 
temperature. What temperature and f o r  what number of cyc l e s  
were you ope ra t ing  o u t  of? 
PICKETT: A l l  t h e s e  cyc l e s  were c a r r i e d  out a 1 2 0  
degrees  Fahrenhei t .  
LACKHER: Charged and discharged a t  120 degrees?  
PICKETT: At 120 degrees.  
LACKNER: For how long? 
. 
PICKETT: One hour. We measured t h e  capac i ty  t o  
.9 of  a v o l t  on t h e  previous  discharg; and then  p u t  i n  t h e  
same capac i ty  wi th  33 p e r c e n t  overcharge a t  t h e  one hour r a t e .  
LACKNER: For the 150 c y c l c s  be fo re  i t  shor ted  ou t?  
PICKETT: Right. 
LACKNER: What k ind  of s e p a r a t o r  d i d  you have i n  
there?  
PICKETT: W e  had a l a y e r  of cel lophane and a l a y e r  
nylon. 
LACflJER: Good enough. 
PICKETT: Gerry asked i f  these were f 3  .,:cd. Yes, 
these are flooded cells. 
BIAURER: Maurer, Bell. Labcrratories. 
Did this s h o r t  occur  b e c a ~ s e  t h e  e l e c t r o l y t s  had 
Sried Out? 
PICKETT: Apparently so .  
PARRY: Par ry ,  Arthur  D. L i t t l e .  
Dave, do you have a f i g u r e  f o r  t h e  s p e c i f i c  capacitj 
>f t h e  p o s i t i v e  p l a t e s  as opera ted  i n  t h e  cell,  t h e  ampere hourz 
?er cubic  inch? 
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PICKETT: W e l l ,  based on t h e  f i g u r e s  t h a t  I ' v e  gi-~cn 
you and a f t e r  28 o r  29 formation cyc l e s ,  t h e  capac i ty  was 
roughly 1 0  ampere hours p e r  cub ic  i nch  of void volume a v a i l a b l e  
i n  t h e  plaque. 
PARRY: Arc a l l  your c a p a c i t i e s  on t h e  b a s i s  of 
. 
void volume or volume o f  t h e  p l a t e ?  
PICKETT: We usua l ly  c a l c u l a t e  them on t h e  b a s i s  of 
void volume i n  t h e  plaque b u t  t h e s e  can e a s i l y  be converted. 
FONT: Font,  of SMT. 
h h a t  can you say  about t h e  a s p e c t  of t h e  p o s i t i v e  
plates compared t o  p l a t e s  which were impregnated i n  vacuum 
condi t ion wi th  s tandard  p l a t e s ,  i f  you w i l l ,  the aspec t  of t h e  
pos i t i ve  i n  such process  a f t e r  such cyc l ing?  
PICKETT: W e l l ,  w e  -- 
FONT: Dzd they  -- 
PICKETT: I n  terms of  what? Cycle l i f e  o r  capaci ty:  
FONT: Yes, c y c l e  l i f e  and t h e  flake of  t h e  p l a t e s ,  
fo r  example. 
PICKETT: W e l l ,  i t ' s  reall;? hard t o  compare c:-cle 
l i f e  here  with o t h e r  cells t h a t  w e  made because t h i s  i s  on2 of 
the  first experimental  cells we've m ~ d e  and t r ied,  and it would 
be I d o n ' t & i r k  f c s t i f i e d  t o  r e a l l v  compare it with any o t h e r  
C # ~ ' ~ F ,  b u t  of course the o t h e r  cells 30 g e t  much g r e a t e r  cyc le  
life. 
As f a r  as capac i ty  goes,  I would ven ture  a guess -- 
- 
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I d o n ' t  know e x a c t l y ,  b u t  I assume t h a t  convent ional  s t a t e -o f -  
t h e - a r t  a i r c r a f t  b a t t e r y  e l e c t r o d e s  have about f o u r  t -  f i v e  
ampere.hours p e r  cub ic  inch  of e l e c t r o d e  and t h a t  t he se  would 
be roughly between e i g h t  and nine.  
FONT: Thank you. 
. 
BELOVE: Belove of Marathon. 
Dave, I heard you say  you formed f o r  29 cycles. 
This formation occurred before  you began t e s t i n g  t h e  b a t t e r y ?  
PICKETT: Tha t ' s  c o r r e c t ,  yes .  
BELOVE: What does  %he formation cyc l e  c o n s i s t  o f ?  
PICKETT: Our f i r s t  cyc l e  was a C over  1 0  charge 
based on the t h e o r e t i c a l  capac i ty  of a c t i v e  material w e  had i n  
the  cell. This  k7as then discharged a t  t h e  one hour rate t o  .9 
of  a v o l t .  
The subsequent charges  were made a t  t h e  one hour 
rate. and d i scharges  made t o  approximately t h e  one hour rate t o  
.9 of a v o l t .  
BELOVE: In a l l  c y c l e s  t h e r e a f t e r ,  they  were 
charged a t  t h e  one hour rate? 
PICKETT: Tha t ' s  c o r r e c t .  
1AURER: I would l i k e  t o  comment t h a t  a t  Cleveland,  
Beauchamps presen ted  a paper on a d d i t i v e  e f f e c t s  t o  improve 
cyc l e  l i f e  on t h e  e l e c t r o d e s  made by these  processes  and one 
can g e t  cycle l i v e s  of s e v e r a l  thousand cyc l e s ,  deep discharged 
when c o b a l t  i s  p r e s e n t  i n  t h e  e l ec t rode .  
FONT: Font, SAFT. 
311 content  -- hydroxide n i c k c l  conten t  on your e l ec t rodes?  
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PICKETT: N o ,  w e  have made no a n a l y s i s  a s  y e t .  We 
a r e  i n  t h e  process  of doing t h a t  now and t h e  r e s u l t s  j u s t  
Have you performed the  chemical a n a l y s i s  on e i t h e r  
weren ' t  ava i l ab le  f o r  t h i s  p re sen ta t ion .  
FONT: Thank you. 
SULKES: U. S. Army Elec t ronics  Command. 
Af te r  you f i n i s h e d  t h e  cyc l ing  d i d  you take  any 
phys ica l  da t a?  I n  o t h e r  words, p a r t i c u l a r l y  on t h e s e  high 
u t i l i z a t i o n s  d id  t h e  plaques s w e l l  o r  habe cracks o r  t h a t  ' type 
of  th ing?  
PICICETT: There was some swel l ing ,  yes ,  b u t  t h e r e  
were no .cracks  i n  t h e  plaque. 
SULKES: Would you have an idea  of what, s ay ,  t h e  
a c t u a l  ampere hours per  cubic  inch ended up a f t e r  t h e  swel l ing 
I n  o t h e r  words, I ' v e  had plaques from var ious manufacturers 
t h a t ,  say,  s t a r t e d  o u t  a t  9 bu t  by the t i m e  they f i n i s h e d  
l9Il swel l ing and growj ng, they were.  back a t  6-1/2 and 7 where 
20# everybody else's plaque is. 
e' Fedart Reporters, Inc. 
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PZCKETT: Well, n o ,  w e  d i d n ' t  measure t h e  thick- 
mss of the plaques a f t e r  t h e  150 cyc le s ,  no. Af t e r  t h e  29 
cycles  w e  d id .  W e  showed no s u b s t a n t i a l  i nc rease  a f t e r  t he  
29 formation cycles .  
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;o you may have something. 
BACHER: Bacher, RCA. 
Get t ing  back to  t h e  o r i g i n a l  p l a t e  p rocess ing ,  what 
rere t h e  i n e r t  e l ec t rodes?  
PICXETT: I n  t h e  B e l l  p rocess  they  use  plat inum 
Aectroues o r  p l a t i n i z a d  t i tanium.  W e  dc n o t  use  e l e c t r o d e s  
bf t h a t  type and I d o n ' t  guess you would ca l l  o u r  e l e c t r o d e s  
nert. W e  use  200 n i c k e l  and t h e r e ' s  s u b s t a n t i a l  co r ros ion  t o  
;he e l e c t r o d e ,  
KALPERT: Any f u r t h e r  ques t ions?  
(No response.  ) 
HALPERT: Thank you very  much. 
mr t he J .nex t j sub jec t ,  : Z have !a;s@ort. .preaen%ation 01 
ome nega t ive  p l a t e  materials t h a t  we've looked a t  from four  
mpexe hours cells on test a t  C ra~~e .  3ne s e t  of  cells had a 
.ef lbnated nega t ive  and another  w a s  non-t 'eflonated, and Floyd 
th ink  has  some background d a t a  t h a t  I t h i n k  it might be 
e l 7 f u l  t o  p r e s e n t  be fo re  I show t h e  photographs t h a t  I have, 
FORD: I n  t h e  e a r l y  s t a g e s  o f  thc SAS-A program, 
J?L, which is the prime c o n t r a c t o r  o n , t h i s  prograrn. to Goddcrd, 
lrocured cells from two d i f f e r e n t  manufacturers.  For i d e n t i -  
' i c a t i o n  purposes,  i f  you are i n t e r e s t e d  i n  fol lowing t h e s e  
.csts f u r t h e r  a t  Crane where t h e  cells are s t i l l  on test, 
lack 1-42, "C" as i n  "Char l ie , "  t h e  manufacturer  i s  General 
I l cc t r i c ;  Pack  18-D, Guit0h I n d u s t r i e s ,  and one c o r r e c t i o n  t o  
what Gerry sa id ,  theso are 6 ampere hour r a t e d  capaci ty  c e l l s .  
These c e l l s  were put  on a l i f e  cycle  program f o r  
the  SAS-D using a charge con t ro l  system simulating t h a t  of the 
spacecraf t .  They were run i n  a 90-minute o r b i t .  The depth of 
discharge was approximately 21 percent  and they were run a t  25 
dsgrees C. The charge cur ren t  i s  l imi ted  a t  3-1/2 amps u n t i l  , 
t h e  vol tage l i m i t  is reached, a t  which t i m e  it goes i n t o  a 
taper .  
The vol tage l i m i t  i s  1 1 . 4  v o l t s  a t  26 degrees C. 
This i s  a temperature compensating voltage.  They were placed 
on l i f e  cycl ing on Ju ly  the 22nd, 1970 and exac t ly  one year  
l a t e r ,  one cell i n  each ~ a c k  was removed f o r  ana lys is .  These 
a r e  t h e  c e l l s  Gerry w i l l  now discuss .  
HALPERT: I don ' t  have m y  chemical r e s u l t s  a t  t h i s  
point. These are r e a l l y  p h o t o ~ c r o g r a p h s  of samples of the 
materials ,  of the p l a t e  mater ia l s  i n  t h c  c e l l .  
The f i r s t  ones a r e  f r m  both c e l l s .  I ' l l  t r y  t o  
g e t  both of them i n  here  a t  the same time. 
The l e f t  one seems t o  be a l i t t l e  o u t  of Locus. 
A l l  I wanted t o  show here: A l l  a r e  pos i t ives .  
There was l i t t l e ' o r  no difference.  The b r i g h t  p a r t s  t h a t  you 
see a r e  the nickel  plaque. These a r e  cross-sectioned and 
mounted i n  sample holders.  What you can s e e  -- The grey a rea ,  
t h e  a c t i v e  mater ia l  has come t o  t h e  *surface of t h e  p l a t e  and 
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,t a c t u a l l y  i s  no t  a s  c l e a r  i n  t h i s  p a r t i u l a r  photograph b u t  .,, 
i ;he same. The a c t i v e  m a t e r i a l  has come t o  t h e  s u r f a c e  of t h e  1319t~ , 
I have p u t  i n  one o f  an unused n a t e r i a l  and I th ink  j 
i 
, e re  hopeful ly  you can see t h a t  t h e  a c t i v e  m a t e r i a l  i s  s o m p l c t o l ~  
:overing r a t h e r  uniformly wi th in  t h e  ezxtire s u r f a c e  -- withir .  t h  I 
: n t i r e  a r ea  of t h e  p l a t e  r a t h e r  than j u s t  accumulating a t  t h e  ] 
iurf ace. I 
So I would say is fa-  as d e p o s i t  i s  concerned, i n  b o t i  
:ases w e  have -- Neither  one was, c.. course ,  t e f l o n a t c d  b u t  i n  
,oth cases  t h e  major change was t h e  a c t u a l  m a t e r i a l  near  t h e  .. 
;urf  ace. 
(S l ide  119.) 
A t  t h e  nega t ive  we tended t o  f i n d  i n  t h e  n o n - t e f l o n a t  
large, f a i r l y  l a r g e  c r y s t a l s  of nega t ive  m a t e r i a l  coming from t h  
iurface  of t h e  p l a t e .  I ' ve  g o t  t h i s  f i r s t  as  a nega t ive  now a t  
;he su r f ace ,  aud t h a t ' s  a f a i r l y  l a r g e  c r y s t a l .  These photo- 
graphs a r e  a l l  250 X ( co r r ec t ed  from t h e  500 X c i t e d  by speaker.  
The v e r y ' b r i g h t  s p o t s  i n ,  t h i s  a r ea  a r e  t h e  n i c k e l  
n a t e r i a l  f o r  plaque. The gray a r ea  i s  t h e  cadmium hydroxide, 
md then t h e  sh iny  d o t s  w i th in  t h e  cadmium hydroxide i s  t h e  
zadmium a c t i v e  ma te r i a l .  . . 
You can s e e  on t h i s  p iece  now t h a t  seems t o  be away 
from the  su r f ace  of t h e  p l a t e  t h a t  we have no t  on ly  t he  cadmium 
hydroxide growing i n  a c r y s t a l l i n e  shape away from t h e  p l a t e  
but some cadmium metal  a l s o  embedded i n  it. 
:e - Federal Reporters, lnc. 
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We found t h a t  a t  t imes removing a c e l l  o r  removing 
a p l a t e  i n  t h e  charge condi t ion  and wiping t h e  s u r f a c e  of t he  
p l a t e ,  q u i t e  a b i k  of  powder came o f f .  We analyzed t h e  powder 
and it was mainly cadmium metal  and we d i d  t h e  sare  t h ing  f o r  
discharge p l a t e s .  The p m e r  was s t i l l  very loose.  Wc wiped 
it and took t h a t  m a t e r i a l  f o r  sampling and almost  a l l  t h a t  
n a t e r i a l  was cadmium hydroxide, which means t h a t  eve2 though 
t h i s  powder i s  coming away from t h e  su r f ace  o f  t h e p l a t e ,  it 
is very loose ly  a t t ached ,  it i s  s t i l l  -- q u i t e  a b i t  of  it 
is stil l  e l e c t r o n i c a l l y  connected t o  the p l a t e  s o  it can ae 
~ x i d i z e d  and reduced. 
(S l ide  120. ) 
You can see t h e s e  two are t h e  same o r  similar. What 
rle've done i s  taken t h e  sample and dipped it i n t o  t h e  famous 
nussprat  s o l u t i o n ,  a f f e c t i o n a t e l y  r e f e r r e d  t o  by ou r  me ta l lu rg i -  
s a l  people as muskrat j u i c e ,  and t r i e d  t o  remove some of t h e  
cadmium hydroxide, hopefu l ly  l eav ing  some o f  t h e  cadmium.behind. 
But, as you can see -- This was only  a very s h o r t  
dip,  as a matter of  f a c t ,  b u t  you can see t h a t  some of t h e  
cadmium has  been removed, as w e l l  a s  the cadmium hydroxide i n  
t h i s  d i p  process .  
(S l ide  121.) 
This  f u r t h e r  photograph i s  one i n  which we used 
polar ized l i g h t  and here now you can seeback' i n  thb area 
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nere what looks l i k e  a small c r y s t a l l i n e  area.  It comes ou t  
very b r i g h t  and you g e t  a kind of a 3-D e f f e c t  i n  the  c r y s t a l .  
U p  i n  here ,  you can s e e  a c t u a l  c r y s t a l  i n t o  the  
nounting mater ia l  away from the  p l a t e .  
I have a couple more of these  I can show, bu t ,  whai 
i t  does do i s  bring ou t  t h e  c r y s t a l s  with g r e a t e r  d e t a i l .  
(S l ide  122.) 
Okay. Now, looking a t  t h e  separa tor  ma te r i a l  j u s t  
ndjacerit t o  a sample of  t h e  p l a t e ,  he  found t h i s  -- As a c r o ~  
sec t ional  a rea  we found t h i s  type of a s t r u c t u r e  i n  which you 
:an ac tua l ly  see some of the  cadmium and'cadmium hydroxide 
? a r t i c l e s .  
These l i g h t e r  gray spo t s  a r e  the nylon separa tor  
zoming through but you can s e e  both cadmium metal and cadmium 
lydroxide i n  those p a r t i c l e s .  \ 
(Sl ide 123.) 
T h i s  i s  another samp1.e t h a t  was s i m i l a r ,  a c t u a l l y  
iipped f o r  a few moments i n  t h e  rnusspratt solut ion.  
(Sl ide 124.) 
A f u r t h e r  sample i n  which w e  dipped it i n  mussprat 
solution and you can nee now these  holes  where some of the  
nctive mater ia l  wa; t h a t  has now been removed, bu t  i f  you look 
:ederal Reporters, 11 
A 
a t  a po la r i zed  l i g h t  photograph on t h e  
a c t u a l l y  see t h e  3D e f f e c t .  
(S l ide .  125, ) . 
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same sample, you can 
I You can s e e  t he  3D e f f e c t  i n  which you see t he  
r y s t a l s  r i g h t  down i n t o  t h e  s e p a r a t o r  mater ia l .  Again, this 
arker a r e a  he re  i s  the-nylon.  These l i n e s  he re  are due t o  
he nylon sepa ra to r .  What comes out- Everything elsc i s  
ark except  t h e  c r y s t a l  m a t e r i a l .  
This is  a s  I say  i n  t h e  non- tef lonated one. We had 
l n i l a r  r e s u l t s  wi th  t h e  t e f  lona ted  ones. 
8 .  
(S l ide  J26. ) 
h i s  .is : -a:: cross -sec t ion  of - t e f  lona ted  
Lectrode: i n  which aga in  w e  see t h e  nylon s e p a r a t o r  he re  and 
m c  of t h e  c r y s t a l l i n e  material a t  t h e  top.  Now one of t h e  
l i ngs  i s ,  no mat te r  whjch p l a t e  w e  used,  w e  were a b l e  t o  f i n d  
ceas'where t h e r e  were l a r g e  amounts of cadmium a t  t h e  s u r f a c e  
E t he  p l a t e .  . ., 
(Slide 127. ) 
1% this p a r t i c u l a r  case  w e  found some f u r t h e r  cadmiu 
idroxide by doing a po la r i zed  l i g h t .  
L e t ' s  see i f  I've g o t  t h e  r i g h t  d i r e c t i o n .  Y e s ,  t h i  
3 t h e  same photograph i n  po la r i zed  l i g h t .  You can see the 
r y s t a l l i n e  m a t e r i a l  coming through very n i c e l y ,  and w e  s t i l l  
w e  some c r y s t a l l i n g  m a t e r i a l  down i n  he re  a l though it seems 
) be lesser. 
 noth her a spec t ,  w e  f i n d  a r e a s  of l a r g e  amounts of 
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cadmium or  small amounts of czCnium on the p l a t e ,  on both types 
of p l a t e s ,  regardless  of what it is tef lonated  o r  not. The 
major d i f ference  t h a t  we d id  f ind  i s  the  following: 
Using the  scanning e lec t ron  microocope, w e  looked 
a t  only t h e  sur face  p roper t i e s  of some of these mater ia ls  and 
here we hzve a couple of photogriphs -- 
( s l i d e  1 2 8 . )  
-- of t y p i c a l  areas within the  non-teflonated s t r u c t u r e  which 
seem t o  be l a r g e r  and f a i r l y  i r r e g u l a r  types of s t ruc tu res .  
We can s e e  here one af the  nylon s t r ands  being 
embedded i n  t h a t  p a i t i c u l a r  p l a t e ,  but  a s  I say,  t h e  major 
. . 
dif ference  here was i n  t h i s  te f lonated  one-- That8s:the n e x t  
one I can shcv you. 
[slide. 129. ' 
You see  a more r e g ~ l a r  shaped, smaller  p a r t i c l e s .  
We don ' t  know what t h e  reason i s  ye t .  We do knov t h a t  the 
separator  p u l l s  very e a s i l y  from t h a t  negative e lec t rode  while 
i n  the  case of the  norl-teflonated one we' f ind  t h a t  it takes 
q u i t e  S -- it d.oes no+ come off  e a s i l y .  It can be washed o f f ,  
of course,  but  i t ' s  more d i f f i c u l t .  It  seems t o  come off  the  
I n  both cases we have some cadmium i n  the  separa tor  
Tn the non-tcflonated one we have a l i t t l e  b i t  more cadmium. 
We found rl~gative n a t e r i a l  on both p o s i t i v e  p l a t e s  i n  both 
c e l l s  s o  t h a t  the  cadmium i s  g e t t i n g  through. 



Federal Reporters, Inc. 
25 
o r  what a c t u a l  purpose i t ' s  serving, oth'er than t o  have thaz  
d i f f e r e n t  c r y s t a l  s t r u c t u r e  and remove the  s e p a r a t o r  from the  
p l a t e .  
But what t he  process  i s  i n  p u t t i n g  t h e  t e f l o n ,  I 
myself do no t  know. Maybe t h e r c  i s  somebody he re  who might 
want t o  comment on that. 
LACRNER: Who p u t  it on? 
IIALPEXT: The manufacturer  p u t  it on. These were 
cells t h a t  were prepared and have been under test  f o r  what? -- 
a yea r ,  Floyd sa id .  
FORD.: : Yes. 
LACKIqER: Who w a s  t h e  manufacturer? 
HAJJPERT: General  E l e c t r i c  w a s  t h e  manufacturer .  
FORD: General E l e c t r i c .  
BELOVE: Were they s i n t e r e d  p l a t e s ?  
HALPERT: Y e s ,  s i n t e r e d  p l a t e s  made i n  t he  normal 
GE production as w e r e  t h e  p l a t e s  from t h e  Gulton cells t h a t  
were a~compared with it. 
. HAINES: Defense Research. 
Would you l i k e  t o  comment on t h e  e f f e c t . t h a t  t e f -  
lona t ing  has on t h e  absorp t ion  of e l e c t r o l y t e  and on wnat effect 
it has on t h e  oxygen recombination r e a c t i o n ?  
HALPERT: I c a n ' t .  Unless Flcyd has some d a t a  on 
p=essure, I d o n ' t  have anytkiny on t h a t  ye t .  
Do you have anything? 
.,I P?porters, Inc. 
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FORD: I have no d a t a  prepared f o r  t h i s  m e t i n g .  1 t 
w i l l  say t h i s ,  t h a t  a l l  t he se  c e l l s ,  both groups of  c e l l s ,  
- 
went through t h e  acceptance t e s t  i n  which w e  have c e r t a i n  
maximum pressure  requirements and c e r t a i n  overcharge t e s t ,  
and a l l  t he se  c e l l s  m e t  t he se  requirements and they were 
acceptable  a s  f l i g h t  hardware. 
BACHER: Bacher, RCA. 
A l i t t l e  more, Floyd, f o r  you. Has t h e  tef lon--  
Does it a f f e c t  the e l e c t r i c a l  performance o r  cyc l ing  performanct 
FORD: W e  haven ' t  seen any degradat ion i n  c s p a c i t y  
of t he se  c e l l s  t h a t  w e  can a t t r i b u t e  t o  t h e  f a c t  t h a t  t h e r e ' s  
t e f lona t ed  negat ives  i n  t h e  c e l l s .  
RAIIlPCL: Guy Rampel, General E l e c t r i c .  
I ' l l  volun teer  t h e  informat ion t o  t h a t  gentleman 
over t h e r e  from t h e  ~ a n a d i a n  Defense t h a t  t e f l o n a t e d  nega t ives  
i n  cells do r e q u i r e  a l i t t l e  l e s s  e l e c t r o l y t e  and p re s su re s  
are lower. 
KALPERT: Any f u r t h e r  ques t ions?  
(No response.  ) 
HALPERT: Okay, I t h i c k  a t  t h i s  p o i n t  we'd be due 
f o r  a co f f ee  break and w e ' l l  meet back about e leven  o 'c lock .  
(Recess. ) 
XZXZX 
# 
IIALPERT: Gentlemen, w i l l  you :;lease t ake  your 
s e a t s ?  
I d i d  want t o  make one comment w i t h  regard  t o  my 
l as t  p r e s e n t a t i o n  and t h a t  i s  I d i d  say t h a t  the 'musspra t t  
s o l u t i o n  removes t h e  cadmium and cadmium hydroxide. I t  doesn'  1 
a t t a c k  the cadmium; it only  a t t a c k s  t h e  cadmium hydroxide b u t  
s i n c e  t h e  cadmium hydroxide may be surroundingsmall p a r t i c l e s  
o f  cadmium, t h s  cadmium i s  removed a t  t h e  sane  t i m e .  
Okay, as we con t inue  on through t h i s  manufacturing 
m a t e r i a l s  s e s s i o n ,  o u r  n ~ x t  speaker  i s  Ed ~ c ~ e n r y  from B e l l  
Labs who is  going t o  t a l k  about  t h e  scale-up s t u d i e s  of t h e  I I 
E e l 1  Iligh Temperature Impregnation Process .  
Ed 14cHenry. 
MC HENRY: Th is  is a r e p o r t  on some o f  t h e  p rocess  
s t u d i e s  w e  have done as a background toward a continuous I 
impregnation process .  W e  were j u s t  t r y i n g  t o  g a t h e r  some d a t a  I 
and f i n d  o u t  some of t h e  problems we're going t o  have i f  and I 
when w e  do a t t emp t  t o  s c a l e  t h i s  up and m a k  a cont jnucus  I 
process  o u t  o f  it. 
The f i r s t  s l i d e ,  p l ea se?  
(S ~de.131.) 
This  i s  j u s t  a schemat ic  of  the process .  Depending 
on whether you ' re  making a n i c k e l  o r  cadmium plaque you use  
cadmium n i t r a t e  so lu t io r .  o r  n i c k e l  n i t r a t e  s o l u t i o n .  The 
c e n t e r  plaque i s  cadmium o r  n i c k e l  hydroxice depos i t ed  by 
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cathodic  p r e c i p i t a t i o n ,  washed, d r i e d ,  and then p u t  i n t o  
formation. 
Next s l i d e ,  p lease .  
(Slide .l32.) 
These a r e  t h e  compositions of t h e  impregnating 
. 
s o l u t i o n s  t h a t  we use6 dur ing t h i s  work. The n i c k e l  s o l u t i o n  
was a two molar n i c k e l  n i t r a t e ,  t e n t h  molar and c o b a l t  n i t r a t e  
. 3  molar and sodium  itri rite, and the  pH of  4. 
Now t h i s  is t h e  s t a r t i n g  p o i n t  when you first 
start  your impregnation. What happenstas you impregnate your 
n i c k e l  is deposi ted as n i c k e l  hydroxide s o  your n i c k e l  con- 
c e n t r a t i o n  i s  going down. The n i t r a t e - -  Presumably t h e  
r e a c t i o n  i s  n o t  we l l  understood b u t  t h e  n i t r a t e  would be re- 
duced at t h e  cathode and then  a t  t h e  annode, some of your 
n i t r i t e  i s  oxidized t o  n i t r a t e .  Poss ib ly  some of  t h e  n i t r i t e  
i s  a l s o  reduced a t  t h e  cathode. 
The c o b a l t  co- ,precipi ta tes  wi th  t h e  n i c k e l  and 
p r e t t y  gene ra l ly  p r e c i p i t a t e s  i n  t h e  same r a t i o  a s  it e x i s t s  
i n  t h e  so lu t ion .  I n  o t h e r  words, i f  you have 5 pe rcen t  c o b a l t  
i n  t h e  solut ion--  I n  o t h e r  words, 5 pe rcen t  of t h e  n i c k e l ,  
t h e  weight of n i c k e l ,  i s  c o b a l t ,  s o  t h a t  they w i l l  t hen  pre-  
c i p i t a t e  i n  the same r a t i o .  A l l  t h a t  you a r e  doing i s  prc- 
c i p i t a t i n g  by r a i s i n g  t h e  p H ,  and a l l  t h e  hydroxide i n  t h a t  
a r e a ,  a l l  t h e  i o n s  which -- where t h e  hydroxide is  i n s o l u b l e  
w i l l  simply p r e c i p i t a t e  s o  it d o e s n ' t  r e a l l y  matter what t he  
, . Q 
? 4ce - Federal Reporters, Inc. 
e l e c t r o d e  p o t e n t i a l s  a r e  f o r  depos i t ion  of t h e s e  metals .  you 
a r e n ' t  depos i t ing ;  you ' re  simply r a i s i n g  t h e  pH and sc they 
j u s t  p r e c i p i t a t e ,  
I n  t h e  cadmium s o l u t i o n  of course  t h e  n i t r a t e  is  
being reduced a t  the cathode and t h e  n i t r i t e  i s  being oxidized 
. 
a t  t h e  annode. 
I n  gene ra l ,  t h e  n i t r a t e  concent ra t ion  remains 
reasonably cons t an t ,  the n i t r i t e  is going down, and t h e  n i cke l  
and t h e  cadmium a r e  going down, and t h e  c o b a l t  is going down. 
The p H  has a tendency t o  rise a l i t t l e  b u t  as you run o u t  of 
n i t r i t e  chen the pH begins  t o  go down. 
Next s l i d e ,  p lease .  
(Slide , ) 33 . )  
This is t h e  impregnation j i g  t h a t  w e  used i n  t h i s  
work. W e  used a 4 by 4 inch  plaque a s  you can s e e  i n  he re ,  
the. black p a r t .  We used t h e s e  p l a t i d z e d  t i t an ium counter- 
e l ec t rodes .  This was f o r  economic r e a s o m .  Oh,  i t ' s  a f a c t o r  
of 1 0  cheaper t o  buy this type of m a t e r i a l .  
The j i g  t h a t  holds  t h e  e l e c t r o d e  i s  made such t h a t  
t h e  woxking e l e c t r o d e  i s  masked s o  t h a t  you have t h e  c u r r e n t  
flow, the p o t e n t i a l  g r a d i e n t ,  i s  perpendicu la r  t o  t h e  su r f ace  
of t h e  plaque s o  you g e t  a uniform c u r r e n t  d e n s i t y  over the 
whole s u r f  ace. 
The nex t  s l i d e ,  p lease .  
(SSide 4 3 4 .  ) 
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Ilere we show t h e  i m ~ r e g n a t i n g  s o l u t i o n s  t h a t  we 
use.  We had two of each s o  t h a t  w e  could use t he  f i r s t  one 
and then while w e  were analyzing and ad jus t ing  t h i s  s o l u t i o n ,  
w e  used t h e  o the r  one, and we'd run on a l t e r n a t e  days. 
We ranb- L e t ' s  see-- 
. 
Next s l i d e ,  p lease .  
' (Slide. 135.)  
Here we show t h e  se tup.  W e  .-ran 18 of each e lec-  
t rode  each day s o  t h e r e  were l a  pas,'-ive and 18 negat ive .  
They were a l l  run i n  s e r i e s  i n  one o p e r a t i m .  
These are 2 l i t e r  beakers .  Each beaker conta ins  
one of those  impregnating j i g s ,  as I showed. Me have t h r e e  
h o t p l a t e s  t o  keep these  s o l c t i o n s  bo i l i ng .  Here's our  power 
supply down here.  
This just g ives  an i d e a  of t h e  e x t e n t  of our opera- 
t i on .  
The 4 by 4 ~ l e c t r o d e  is  a scale-up of about seven 
t o  one over what we had done i n  t h e  previous  l a b v a t o r y  work. 
Next s l i d e ,  p lease .  
(Slide. 136.) 
Hers we show t h e  forming equipment t h a t  w e  used, 
Each e l e c t r o d e  is formed i n d i v i d u a l l y  i n  one of t h e s e  cells 
here .  We have two laxge-cent,ered coun te re l ec i  .odes. They a r e  
j u s t  r e g u l a r  cen te red  e l e c t r o d e s  which have a g r e a t  dear  more 
capac i ty  than the  working e l e c t r o d e  so t ha t -  They a r e  chargcc 
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a t  C over  2 f o r  f o u r  ho:r;:s and thqn discharged and wc have 
p r o t e c t i o n  c i r c u i t r y  t h e r e  s o  t h a t  t h e  vo l t age  c a n ' t  drop below 
about  .6 of  a v o l t ,  s o  you dischazge down t o  . 6  of a v o l t .  
Vnis i s  e s s e n t i a l l y  100 pe rcen t  d i scharge .  
Next s l i d e ,  p l ea se .  
. 
(Sii.de. t 3 7 .  ) 
Here a r e  t h e  a n a l y t i c a l  methods w e  used i n  main- 
t a i n i n g  our  s o l u t i o n .  The n i c k e l ,  cadmium and c o b a l t  were 
determined by X-ray f luorescence .  This  i s  a c c u r a t e  t o  ahout  
1 pe rcen t  which i s  p e r f e c t l y  good for  c o n t r o l  o f  t h i s  s o l u t i o n .  
I t ' s  very  quick. You j u s t  d i l u t e  your s o l u t i o n  down t e n  t o  
one and p u t  it i n  a l i t t l e  sample h o l d e r ,  p u t  it i n  the X-ray 
machine and w i th in  a minute o r  s o  you have t h e  r e s u l t ,  what 
t h e  concen t ra t ion  is. 
The n i t r i t e  was determined by permanganate n i t r a -  
t i o n .  Th is  i s  a ' s t a n d a r d  textbook method and is  a c c u r a t e  t o  
about  h a l f  of a percen t .  
I used t h e  s p e c i f i c  i o n  e l e c t r o d e  on s o d i u r  and 
t h e  n i t r a t e  ion.  Th is  is  n o t  a ve ry  accu ra t e  method b u t  
f o r t u n a t e l y  t h e s e  two ions-- One, we d o n ' t  do  any th ing  about  
them anyway. I n  o t h e r  words, i f  I knew they  were t o o  high o r  
t o o  low, I ' d  use it anyhow. And two, they  have very  l i t t l e  
e f f e c t  on  the s o l u t i o n .  
a We've run  a s  h igh  as 4 molar sodium n i t r a t e  
a d d i t i o n  t o  ou r  s o l u t i o n  ar Tic? s s s e n t i a l l y  no e f f e c t  a t  a l l  
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t h a t  t he  only reason you'd monitor t h i s  t h a t  
mtinuous b a s i s ,  even tua l ly  you ' re  going t o  b u i l d  up s o  much 
~dium n i t r a t e  t h a t  you've g o t  t o  do something about it. I t ' s  
>ing t o  s t a r t  p r e c i p i t a t i n g .  Actua l ly ,  i t ' s  t h e  c o b a l t  and 
tdmiwn and n i c k e l  n i t r a t e s  which w i l l  precipitate.  
So presumably on a continuous b a s i s  you would bleed 
I f  some of your s o l u t i o n  and p r e c i p i t a t e  o u t  your n i c k e l  and 
ccycle i t  and then I d o n ' t  know what you'd do wi th  t h e  sodium 
.trate so lu t ion .  Maybe you can s e l l  it o r  u se  it. - 
I d o n ' t  know how you make sodium n i t r i t e .  Poss ib ly  
,u can reduce n i t r a t e ,  b u t  i n  any even t ,  t h a t  w i l l  even tua l ly  
ive t o  be taken o u t  of  the s o l u t i o n ,  b u t  w e  haven ' t  done any- 
king about it as y e t .  You can s t a n d  a  very high concent ra t ion  
. thout  any e f f e c t  a t  a l l ,  and t h e  pH was measured by g l a s s  
.ectrode.  
Next s l i d e ,  p l ea se .  
(Slide -13 8.)  
Here we show electrochemical'precipitation of cadmil 
rdroxide. This  j u s t  g ives  you impregnation t i n e  versus  
l e o r e t i c a l  c spac i ty .  
4.. 
Now before  anyone cha l lenges  m e  on t h e  s u b j e c t ,  
l e o r e t i c a l  capac i ty  on e i t h e r  ou r  p o s i t i v e  o r  nega t ive  i s  
ztermined by simply weighing t h e  e l e c t r o d e  and s u b t r a c t i n g  
l t  t h e  s u b s t r a t e  weig l~ t .  W e  have run  experiments and o t h e r s  
we and t h e r e  i s  vexy l i t t l e  co r ros ion  of t h e  c e n t e r  s o  that - -  
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I t ' s  maybe one or two percen t  of t h e  capac i ty  would be corro-  
s ion .  
So t h a t  you can simply s u b t r a c t  the two numbers 
and g e t  your weight of ma te r i a l .  
I have assumed t h a t  cadmium goes from cadmium zero 
t o  cadhiurn p l u s  p l u s ,  from cadmium t o  cadmium hydroxide and ' 
t h e r e f o r e ,  t h e o r e t i c a l l y  you should g e t  something l i k e  .477 
ampere hours per gram. So t h i s  i s  simply t h e  weight mu l t i p l i ed  
by a f a c t o r ,  and t h i s  is i n  ampere hours p e r  cub ic  inchband 
i f  you go long enough, you can g e t  about t e n  ampere hours pe r  
cub ic  inch.  
W e  were going f o r  a loading of  1.8 grams p e r  cubic  
cen t imeter  of void volume i n  t h e  plaque which came t o  around 
s i x  o r  s o  ampere hours per (:ubic inch  and w e  d i d  run t o  25 
minutes on these .  W e  s';opLJed i n  t h e  middle of  the '  curve.  
YOU could probably g e t  more uniformity  by going 
t o  t h e  top.  Then i f  you mcke a l i t t l e  e r r o r  it d o e s n ' t  mat te r  
because it i s n ' t  changing ~ u c h  anyway. 
Next s l i d e ,  p lease .  
( s l i d e  d39. ) 
 his shoas t h e  concent ra t ion  of n i t r i t e s  as, a 
func t ion  of time. W e  haci s i x  e l e c t r o d e s  and w e  r a n  one f o r  
t e n  minutes. Well, w e  r a n  them a T  L f o r  t e n  minutes and then 
w e  k e p t  p ich ing  one o u t  every t e n  minutes and then w e  took t h e  
* 
s o l u t i o n  and analyzed t h e  n i t r a t e .  
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t h e  cadmium sol1 
r a t e  of l o s s  of n i t r i t e  is  a l i t t l e  h igher  i n  
 tio on b u t  I th ink  t h i s  is  because you have no t  
only e lec t rochemica l  decomposition of n i t r i t e s  b u t  you a l s o  havc 
a chemical decomposition. N i t r i t e  i s  somewhat uns t ab l e ,  
e s p e c i a l l y  i n  a h o t ,  s l i g h t l y  a c i d  s o l u t i o n ,  
So t h e  h igher  t h e  concent ra t ion ,  t h e  h igher  w i l l  be 
t h e  rate of l o s s .  So one would expec t  t h a t  t h e  two l i n e s  would 
be -- t h e  cadmium would have a s l i g h t l y  h igher  s lope  t o  it. 
And you see a t  t h e  end of t h e  run  i n  t h e  n i c k e l  we're g e t t i n g  
r a t h e r  t h i n  i n  n i t r i t e .  I n  t h e  cadmium w e  s t i l l  have s u f f i -  
c i e n t .  
Next s l i d e ,  p lease .  
.This is an e l e c t r o d e ,  a 4 by 4 e l e c t r o d e  which w a s  
cut i n t o  1-inch squares .  The t a b  was up i n  t h a t  corner  there 
and w e  k ind  of f i gu red  t h a t  p a r t i c u l a r  square  d o e s n ' t  count f o r  
much because I have a t a b  on it. You add t h e  weight of t h e  
tab b u t  then you s u b t r a c t  t h e  weight of what you would havc 
impregnated the re .  Actua l ly ,  t h i s  should be discounted a l t o -  
ge the r  because by chance it comes o u t  about t h e  same as t h e  
o ther .  
But what I did was weigh a l l  t h e  e l e c t r o d e s ,  g e t  
the average,  a l l  t h e s e  l i t t l e  squares ,  g e t  t h e  average and 
then I c a l c u l a t e d  dev ia t ions  and t h i s  i s  simply a percen t .  
This one was 1 . 4  pe rcen t  h igher  than t h e  average,  and t h i s  i s  
!-Federal Reporters, Inc. 
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.G percen t  lower. 
But w e  s e e  t h a t  t h e  dev ia t ion  from h i g h e s t  t o  lov- 
est i s  p l u s  or minus 2.5 pe rcen t  and t h i s  inc ludes  t h e  e r r o r  
t h a t  you would g e t  from t h e  plaque i t s e l f .  They a r e  w i th in  
about a ~ ? r c e n t ,  and then t h e  e r r o r  t h a t  you g e t  from me cu t t i n !  
t h e  th ing .  I have t o  c u t  i t  n l i c t l e  shea r s  and i f  I miss 
by a hundredth of an inch ,  t h a t ' s  1 percent .  
So e s s e n t i a l l y  t h i s  t h i n g  i s  q u i t e  unform ac ros s  
t h e  whole area of  t h e  plaque. This i s  an impregnated plaque. 
Next s l i d e ,  p l ea se .  
We then took one of t h e  4 by 4 e l e c t r o d e s  and w e  
c u t  i t  up i n t o  l i t t l e  squares  and p u t  l i t t l e  t a b s  on them and 
ran them as fou r  l-1/2-inch e l ec t rodes .  That comes t o  about 
ha1.E t h e  a r e a  of t h e  o r i g i n a l  plaque b u t  t h e  l-1/2-inch squares  
were. c u t  o u t  o f ' t h e  f o u r  co rne r s ,  and these  were cycled a t  a 
very  high r a t e .  I t h i n k  it w a s  10 C rate. 
As you s e e ,  they are q u i t e  uniform and they a l l  
tend t o  go o u t  toge ther .  They're w i th in  10 pe rcen t  c f  each 
o the r  i n  t h e  capac i ty  over  -- which comes t o  -- le t ' s  see, a t  
two, t h r e e ,  about four hundred cyc l e s  they begin t o  bknd down. 
Well, t hey ' r e  only down about maybe 20 pe rcen t  a t  t h e  end of  
t he  thousand cyc les .  
Next s l i d e  p lease .  
Tha t ' s  a l l  t h e r e  i s ?  Okay. 
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I have here-- This is a Vu-graph. 
(Slide. 142 .  ) 
' T h i s  is  a summary of t h e  d a t a  t h a t  we gathered over 
e s s e n t i a l l y  300 p o s i t i v e  and 300 nega t ive  e l ec t rodes .  W e  f i n d  
a t h e o r e t i c a l  capac i ty  i n  the cadmium of 4. -- No, t h a t  one i s  
a mistake. This  is about 3.219. I t ' s  about a 74 percen t  
u t i l i z a t i o n  on t h a t .  
This is what you g e t  f o r  having t h e s e  t h ings  typed 
up t h e  minute before  you go. 
The s tandard  d e v i a t i o n  i s  about 5 pe rcen t  on t h i s  
l a r g e  number o f  e l ec t rodes .  I f  you t a k e  one s t r i n g  o f  18-- 
I 
They're made i n  s t r i n g s  of 18 -- t h e  b e t t e r  ones w i l l  run down 
t o  a l i t t l e  less than 2 p e r c e n t  s tandard  d e v i a t i o n  on t h a t  
group. 
The n i c k e l s  w i l l  run i n  t w o  groups. W e  had one 
b a t t e r y  wi th  a ' l i t t le  b i t  h igher  capac i ty  than  the  o t h e r ,  SQ 
we increased  our-- W e  w e r e  running a 30-minute depos i t i on  and 
a 40-minute depos i t i on ,  and s o  we g e t  a h igher  capac i ty  i n  t h e  
second group. 
Here we're g e t t i n g  I th ink  p r e t t y  good s tandard  
dev ia t ion  on t h e s e  e l e c t r o d e s  of e s s e n t i a l l y  t h r e e ,  and i n  t h e  
measured c a p a c i t i e s  we're g e t t i n g  approximately,  w e l l ,  4 t o  5 
percent  s tandard  dev ia t ion .  So i t ' s  q u i t e  a uniform process .  
This cons iders  a whole bunch of e l e c t r o d e s  made on a semi- 
production s c a l e  s o r t  o f ,  and we do have a h igher  measured 
ELECTRODE WEIGHT DISTRIBUTION 
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capac i ty  than t h e o r e t i c a l  and t h i s  i s  explained by saying t h a t  
t he  r e a c t i o n  i S  no t  a one-elect ron t r a n s f e r .  
I n  o t h e r  words, i f  you overcharge a  n i c k e l  electrodc 
you g e t  more capac i ty  than would be d i c t a t e d  by a n i c k e i  2 t o  
n i c k e l  3 ox ida t ion .  
. 
And t h i s  i s  e s s e n t i a l l y  a  conglomerate of  a l l  t he  
e l e c t r o d e s  w e  g o t  and it shows I th ink  a  f a i r l y  good r e l i a b i l i t !  
I d o n ' t  have these  t h ings  as a func t ion  of  time. There was no 
degradat ion wi th  time i n  ou r  s o l u t i o n .  As t h e  s o l u t i o n  aged 
t h e r e  was no v a r i a t i o n  wi th  aging. 
We had had troub1es.i .n the p a s t  when we were us iny 
a polyvinyl  c h l o r i d e  s t o r a g e  con ta ine r .  We leached sone kind 
of garbage o u t  of t h e r e  which had a  tendency t o  slowly poison 
t h e  cadmiun s o l u t i o n  f o r  some reason.  So w e  have s tuck  t o  
g l a s s ,  t e f l o n ,  plat inum and t i t an ium i n  t h i s  work. 
We a r e  working onc ther  m a t e r i a l s  t o  s e e  i f  we could 
g e t  away perhaps wi th  a  410 s t a i n l e s s  but-- For ~cconomic - . 
reasons w e  would l i k e  t o  do t h i s  b u t  f o r  p r a c t i c a l  reasons  we 
don ' t  want t o  use  anything w e  are no t  s u r e  of  a t  t h e  moment. 
We have t o  test o u t  t h e  o t h e r  m a t e r i a l .  
And ' t h a t ' s  t h e  whole s t o r y .  
HALPERT: Thank you, Ed. 
Any ques t ions  f o r  Ed? 
0 ' ROURY\E : Joe  0 ' ~ o u r k e  , Grumman . 
I n  t h a t  s l i d e  you had, t h e  checkerboard type one 
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dhere you had weight d i s t r i b u t i o n  of each one, you t a l k  about 
the weight devi 'at ion per  square ,  about a mean. Now is  t h a t  the  
nean of each square?  Is t h a t  t h e  average d e v i a t i o n ,  about t h e  
nverage weight of each square ,  or about t h e  weight of t h e  whole 
?laque? 
. 
El(: HENRY: I j u s t  took t h e  average weight and then 
took the  percentage d e v i a t i o n  of  each square  from t h a t  average 
m i g h t ,  and then t h a t  is  a r e a l  number on each,  and t h e  spread 
is n o t  a s tandard  dev ia t ion .  P lus  o r  minus is t h e  range;  i t ' s  
not a s tandard  dev ia t ion .  
Thestandard d e v i a t i o n  I suppose would be about a 
h a l f  -- it would. probably be p l u s  or minus 1-1/2, something 
l i k e  t h a t .  
HALPERT: Thank you, Ed. 
We'll cont inue  wi th  more d i scuss ion  on t h e  B e l l  
process. Dean Maurer is  going t o  t a l k  about s e a l e d  n icke l -  
cadmium cel l  des ign  f o r  B e l l  systems s e r v i c e .  
MAURER: Yesterday you h e a r d ' q u i t e  a v a r i e t y  of 
methods of charging c o n t r o l ,  a l l  based on q u i t e  a l o t  of 
e l e c t r o n i c  c i r c u i t r y .  There was p u l s e  charging and t h e r e  was 
PPCLs  and PCC methods. What I would l i k e  t o  p r e s e n t  he re  now 
is a minor i ty  xepor t ,  a charging c o n t r o l  method t h a t  w e  use  
which w e ' l l  c a l l  ZCC, f o r  zero charge con t ro l .  
(Laughter. ) 
It r e q u i r e s  the use of a r e s i s t o r  and a diode and 
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you simply charge cont inuously  and t h e  major d i f f e r e n c e  i s  
t h a t  you g e t  a l o t  of overcharge as opposed t o  a very l imi t ed  
amount. 
The problem wi th  t h i s  type of method is  t h a t  it 
r e q u i r e s  a cel l  wi th  some p e c u l i a r  des ign f e a t u r e s  which I w i l l  
. 
t a l k  about. 
.IS1 Jde a 2 4  3. ) 
The performance i s  something of t h i s  s o r t ,  i n  which 
we've p l o t t e d  the measured capac i ty  t o  one v o l t  versus  t h e  
charging c u r r e n t  ranging from C over 20 t o  t h e  2 C rate, g iv ing  
these  c a p a c i t i e s  and p re s su re s  shown on t h e  lower curve. 
I n  t h e  right-hand a x i s  you w i l l  not ice  t h a t  a t  2 
C, we're somewhere around seven ponnds abso lu t e  p re s su re ,  n o t  
gauge. 
And t o  g i v e  you t h e  c a l l i b r a t i o n ,  s i n c e  everyone 
who t a l k s  uses  a d i f f e r e n t  se t  of u n i t s ,  w e  have t h e  t h e o r e t i c a l  
capac i ty  of  t h e  p o s i t i v e  e l e c t r o d e s ,  aga in  based on one e l ec t ron  
t r a n s f e r  shown here ,  s o  t h a t  w e  a r e  above t h e o r e t i c a l  capac i ty  
when we charge a t  rates h ighe r  t han  about C over  5 o r  so. 
This  t h e o r e t i c a l  l i n e ,  i n  terms t h a t  S teve  Gaston 
used yes te rday ,  would correspond t o  t h e  267 mill iampere hours 
p e r  gram of a c t i v e  m a t e r i a l  -- 287, r a t h e r ,  a t  t h i s  p o i n t ,  so 
these  p o i n t s  a r e  up around 340 mill iampere hours p e r  g r m  of 
a c t i v e  m a t e r i a l ,  j u s t  as a c r o s s - c a i ~ b r a t j o n .  
So t h a t  now we can des ign  cells which can be 
r a p i d  charged a t  t h e  2 C r a t e  i f  we l i k e  wi thout  worrying about 
overcharge. We can t u r n  them o f f  on t h e  b a s i s  of a thermal 
sensor  i f  w e  l i k e ,  j u s t  t o  keep t h e  rest of  t h e  package from 
g e t t i n g  t o o  ho t .  
The way one des igns  c e l l s  l i k e  th i s - -  
(S l ide  aI44. ) 
Now before  I go f u r t h e r ,  t he se  a r e  t h e  two cel l  
des igns  t h a t  I ' l l  be t a l k i n g  about. This one is a cel l  whose 
performance I j u s t  showed. I t ' s  about  1 0 0  mills t h i c k  and it 
has two modificd Zieg le r  s e a l s  on it; i t ' s  a p r i s m a t i c  design.  
. + 
o.v This i s  a 23 ampere hour des ign ,  aga in  w i th  Zierjler 
s e a l s .  
I 
The key t o  t h e  performance of  a ce l l  on continuous 
overcharge,  e i t h e r  i n  r e s e r v e  use  i n  t e r r e s t r i a l  environments 
which are q u i t e  severe ,  temperatures from t y p i c a l l y  m i L d s  20 
Fahrenhe i t ' to  p l u s  140 Fahrenhe i t ,  and a l s o  the problems of 
making ce l&kapable  of r a p i d  recharge a l l  b o i l s  doiin t o  t h e  
same po in t :  $& want t o  keep t h e  pyessu ie  down, whether i t ' s  tj 
oxygen p re s su re  dur ing  r a p i 6  recharge o r  whether it is  hydrogen 
o r  t he  l ack  of hydrogen pressu;e, dur ing  low temperature 
ope ra t ion  e s p e c i a l l y ,  or t h e  accumulation of hydrogen on l i f e ,  
and it is a l l  r e l a t e d  t o  the  nega t ive  e l e s t r a d e .  
F i r s t  I ' l l  cons ider  the oxiyen problem. 
If you p l o t  t h e  oxygen p re s su re ,  t h e  equi l ib r ium 
p re s su re ,  versus  the nega t ive  loading -- 
, . 
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-- I ' v e  p l o t t e d  i t  here  as pe rcen t  of  t h e  nega t ive  plaque 
volume t h a t ' s  f i l l e d ,  b u t  you could consider  it a . .var ie ty .of  
o t h e r  ways i f  you l i k e .  
But you ge t  a curve f o r  d i f f e r e n t  l e v e l s  of e l e c t r o -  
l y t e  t h a t  break upwards f a i r l y  sharply .  The usua l  nega t ive  
loadings t h a t  you see i n  commercial c e l l s  t ends  t o  be up toward 
t h e  40 percen t  r ~ g i o n ~ a n d  consequently t h e  p re s su re s  a r e  
r e l a t i v e l y  h igher  and s e n s i t i v e  t o  t h e  volume of  t h e  e l e c t r o -  
l y t e  i n  t h e  cell, a r e l a t i v e l y  uns t ab l e  type of a region.  And 
w e  f e e l  t h a t  t h e  best place to  ope ra t e  i s  down near  t h e  knee 
of t h i s  curve where t h e r e  is  l i t t l e  v a r i a t i o n  i n  pressure wi th  
e l e c t r o l y t e  q u a n t i t y  and one can get  t h e  t h e o r e t i c a l  capac i ty  
o u t  of t h e  p o s i t i v e  and s t i l l  maintain low pressure .  
And of  course  t h ings  l i k e  s t a t e  of charge w i l l  
a f f e c t  these  curves. I n  essence,  as you increase t h e  state of 
charge on t h e  negat ive  you make it more porous, so a given 
curve a i l 1  more f u r t h e r  towards  t h e  r i g h t  f o r  a given loading;  
when :*au i nc rease  t h e  s t a t e ,  of  charge y o u ' l l  g e t  a lower pres-  
sure .  
And again ,  down i n  t h i s  reg ion  it won't make very 
much d i f f e r ence ,  b u t  i f  you ' re  up i n  t h i s  r eg ion ,  o u t  i n  t h i s  
a r ea ,  it w i l l  make a s u b s t a n t i a l  d i f f e r ence .  
What t h i s  means then is  i f  you p l o t  t h e  oxygen 
pressure  versus  t h e  charge rate,  -- t h e r e ' s  a log  charge r a t e  
(S l ide  145A.) 

and a 10-hour and 2-hour r a t e  -- c e l l s  operat ing down i n  the  
30 percent  f i l l  region give you very low oxygen presswes where 
a s  those operat ing up i n  the 40 percent  region g ive  r e l a t i v e l y  
. , higher pressures.  
So now, using j u s t  t h i s  considerat ion,  you can make 
a c e l l  then t h a t  can be recharged -- charged cor~t inuously a t  
the  30-minute r a t e .  , . _. 
[Slide .14C. ) 
Now let 's t a l k  about the  negat ive electrodes.  
Looking a t  the negative po la r i za t ion  versus t h e  
charge r e t u r n  on a negative e l ec t rode  you .get a t y p i c a l  c&ve 
looking l i k e  t h i s :  a constant  p o t e n t i a l  region where the nega- 
t i v e  i s  charging. This then bxeaks t o  a higher p o t e n t i a l  
region where you g e t  hydrogen evolut ion,  and i f  t h i s  were a 
sealed c e l l  or i f  oxygen were present ,  then t h e  oxygen de- 
polar izes  the negative and the  vol tage drops t o  a lower l e v e l ,  
. . 
yau do not  g e t  hydrogen evolut ion and i n  f a c t  f u r t h e r  charging 
of the  negative ceases. 
So one normally then designs a cell with a p o s i t i v e  
lower capaci ty  than the  negative,  a s  you a l l  know, and you get 
the oxygen coming over before t h e  negative becomes f u l l y  chargec 
and things are grea t .  
Now i f  you look at  these  same curves a t  either 
higher r a t e s  or lower temperatures or both, t h e  curve s h i f t =  
l i k e  t h i s .  The charging region comes up i n  voltage. There8.h 
(Sl ide 146A. ) , 
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an i n i t i a l  high vol tage on a charging curve i n  which you g e t  
sme hydrogen evolut ion and the  po in t  of hydrogen evolut ion 
tcward the  end of t h e  charge has moved s u b s t a n t i a l l y  t o  t h e  
l e Z t  a t  the  lower temperature higher r a t e .  
And j u s t  where t h i s  s h i f t s  t o  depends f i r s t  
t h e  condi t ions you're t a l k i n g  about and a l s o  t h e  previous 
condi t ion o r  h i s t o r y  of t h e  e lec t rode .  
So then what you want t o  do t o  design a c e l l  is 
arrange t o  have the p o s i t i v e  capaci ty  opera te  wi th in  t h i s  band 
between t h e  preliminary hydrogen evaluation and the f i n a l  
hydrogen evolut ion region. 
I ' ve  marked here- This is t h e  range of t h e  s a f e  
p o s i t i v e  t h e o r e t i c a l  capaci ty  i f  you have electxodes which 
genera l ly  gi.va you less than t h e o r e t i c a l  capaci ty  bu t  a s  we 
were discussing yesterday, some cells which are continuously 
charged, e spec ia l ly  a t  lower temperatures, give higher  and 
higher c a p a c i t i e s  and i n  f a c t  we've found i n  most cases this 
approaches t h e  t h e o r e t i c a l  capaci ty  of t h e  e lec t rode ,  especial11 
around zero degrees Centigrade. 
Xn thr; p o s i t i v e  e l ec t rodes  t h a t  we make by the 
electrochemical process t h i s  has  t o  be 120 percent  of t h e  
t h e o r e t i c a l  capaci ty ,  something i n  t h a t  v i c i n i t y .  
Now one can plot-? For b.given.  charging tempera- 
t u r e  one can p l o t  t h e  hydrogen f r e e  capaci ty ,  t h a t  is, t h e  
capaci ty  i n  before t h i s  hydrogen evolut ion ever  occurs,  
Cslide* 147.) ! .  
-- and t h a t  looks l i k e  t h i s ,  on which I've plotkid tho hydrogen 
f r e e  charge r e t u r n  i n  terms of  percent  of t h e  r a t e d  capaci ty  
of t h e  e lec t rode  versus the  charge r a t e  i n  terms of percent  
r ~ t e d  capaci ty ,  and looking a t  it f o r  d i f f e r e n t  preconditioning 
cycles  and d i f f e r e n t  charging temperatures. 
So t h a t  here are a set of d a t a  i n  which the 
e lec t rode  was equ i l ib ra ted  a t  77 degrees F. a t  the f ive-how 
r a t e  f i r s t .  Then it was lowered i n  the discharge phase t o  
zero and charged a t  one of these r a t e s ,  and we generate  a :. 
curve t h a t  boks  l i k e  this. \ 
Now i f  i n  f a c t  w e  had gone to..a lower temperature 
than zero, minus 20 f o r  ins tance  gives a curve t h a t  has dropped 
-, - 
a l l ' t h e  way down to  this region. I f ,  on t h e  o t h e r  hand, the  
electrode is equ i l ib ra ted  a t  140 ~ a h r e n h e i t  f i r s t  and then 
lowered t o  zero, t h e  curve s h i f t s  from t h i s  p o s i t i o n  to  t h i s  
position. 
Now these  are n o t  such out landish condi t ions as you 
night think a t  f i r s t  off. Zero degrees followed by equi l ibra-  
t ion  a t  140 is simply the  cold winter  following a l o t  h o t  
summer i n  a piece of pole-mounted telephone equipment. The 
squipment is  i n  a box i n  the  hot:sun. The temperature g e t s  up 
Ln the  120, 140, even 160 region. And i n  t h e  winter  of course 
L t  drops. 
So t h a t  i f  one does n o t  have enough excess negat ive 
capacity to  keep out  of t h i s  hydrogen region, you w i l l  develop 
hydrogen gas and the  c e l l  w i l l  vent. 
A l s o ,  f o r  a reserve  b a t t e r y  with perhaps a two t o  
one negative t o  p o s i t i v e  r a t i o ,  a t  the 20 hour rate of charge, 
t h a t ' s  a 40 hour r a t e  on a negative s o  one is t a l k i n g  about 
\ 
something down here very c l b s e  t o  the ax i s ,  s o  these  e f f e c t s  a; 
not a l l  t h a t  drastic bu t  they a r e  present.  
If you wanted t o  design a cell f o r  r ap id  recharge, 
however, you have t o  take  these  i n t o  account md have q u i t e  a 
subs tan t i a l  excess capaci ty  f o r  rap id  charge a t  very low t e m -  
peratures. 
Now t h a t  takes care of t h e  t i m e  zero negative condi 
tion. The negative doesn ' t  s t a y  i n  t h a t  s t a t e  throughout its 
Life. You have t o  worry about some o the r  things happening, 
fading, f o r  example. 
(slide. 148. ) . . ,  
These were shown l a s t  year ,  t h e  t h e o r e t i c a l  capacit: 
>f t he  e l ec t rode  and the elect roc he mica^ e lec t rode ,  and here 
n p a r t i c u l a r l y  -- a r a t h e r  bad commercial e i ec t rode  with a 
f a i r l y  sharp drop with cycl ing i n  capacity.  
Now t h i s  electrode- A cell designed on the  b a s i s  
>f t h a t  e l ec t rode  would have t o  have much l a r g e r  r a t i o s  i n  
~rder t o  keep you o u t  of t rouble  later i n  l i f e .  
Now I want to emphasize t h a t  cycling i n  t h e  flooded 
itate on negatives is no t  t h e  same as cycl ing i n  sea led  s t a t e ,  

nnd j u s t  what the r e l a t ionsh ip  is I don ' t  know, bu t  one g e t s  
Longer l i f e ,  cycle  l i f e  on negatives i n  the  sea led  s t a t e .  
t h i s  course is due t o  the f a c t  t h a t  cyc le  
them through nearly a s  g r e a t  a range i n  the sealed s t a t e .  
Now while t h i s  ma te r i a l  is electrochemically in -  
* 
rct ive it is  s t i l l  present  a s  a chemical spec ies  within the 
;ealed c e l l  and has t o  be contended w i t h ,  and w e  propose the 
following things going on. , . 
{Slide.  1 4  9. ) 
F i r s t ,  w e  represent  the p o s i t i v e  b a t t e r y  by t h i s  
block, the negative by t h i s  block. It's divided up i n t o  t h e  
)lack a rea  represent ing t h e  electrochemicaSly a c t i v e  mater ia l  
md t h e  red a rea  represent ing  the  i n a c t i v e  ma te r i a l  which I 
:hink you w i l l  genera l ly  agree i s  usual ly  cadmium t h a t ' s  
s o l a t e d ,  and most chemical analyses show t h i s  to  be cadmium 
~ e t a l  and not hydroxide. . . 
Then t h i s  i s  divided up i n t o  t h e  working capaci ty  
rhich matches.:.the p o s i t i v e ,  some excess hegative cadmium hydro- 
tide to account fox t h e  low temperature charging. You have an 
rmount here  now- You design the c e l l  to  have an amount t h e r e  
h a t  matches -- t o  g ive  you the hydrogen free p e r f o m . Q c e  fox 
:he h ighes t  r a t e  and t h e  lowest temperature you i n t end  t o  desigx 
:he cell fo r .  
You have a c e r t a i n  amount of precharge mate r i a l  
~ n d  b a s i c a l l y  all t h a t  we're concerned with i n  t h e  design i s  
the precharge t o  keep you o u t  of t h a t  preliminary hydrogen , 
evolution region t h a t  I showed e a r l i e r .  Then some th ings  can 
happen. 
(Slide 150 . ) 
On overcharge, oxygen i n  t h e  c e l l  can oxid ize  t h i s  
. 
cadmium metal. It is no t  i s o l a t e d  chemically, j u s t  e lec t ro -  
chemically, So the cahium plus t h e  oxygen and water w i l l  g ive  
you some cadmium hydroxide bu t  sidce the o the r  ha l f  of t h e  
electrochemical couple has t o  be s a t i s f i e d ,  some cadmium hydro- 
xide g e t s  reduced a t  t1.r' same time. 
So one t r a n s f e r s  a c t i v e  cadmim hydroxide to a c t i v e  
cadmium i n  ekchange f o r  i n a c t i v e  cadmium to something t h a t  
1'11 admit is  quest ionable ,  This can be e i t h e r  a c t i v e  o r  in-  
ac t ive ,  bu t  I would assume t h a t  it's q u i t e  a b i t  i n a c t i v e ,  
let 's  sty. 
So one needs t o  d e ~ i g n  f o r  t h i s  and allow enough 
. . 
ex t ra  cadmium hydroxide p resen t  on the negative to match t h e  
amount of i n a c t i v e  ma te r i a l  t h a t  you have because it is poten- 
t i a l l y  capable of being t r ans fe r red  t o  a c t i v e  cadmium a t  the 
expense of cadmium hydroxide which you need f o r  t h e  l o w  tempera. 
t u r e  operation. 
So thon what t h i s  says thon is t h a t  you have the 
over-all  dosign.of  the cell now. You have t h e  working cadmaim 
capacity which i s  equal t o  the requirements sf  the,cel l  design. 
If you want a 12  ampere hour cell yoa h;ve a 1 2  ampere hour 
working cadmium capacity.  
Then you make the  e l ec t rode  sons maxi~:m thickness,  
probably around 30 m i l l s ,  ,and you load it t o  t h e  30 percent  
point  s o  t h i s  gives  you t h e  amount of cadmium.area, cadmium 
e lec t rode  area t h a t  you require- I ' m  so r ry ,  you add enough 
. 
cadmium preharge and hydroxide t o  account f o r  t h e  effects that 
I ' ve  been ta lk ing  about. 
Then you match this t o t a l  area with a p o s i t i v e  
e1ectrode.That usual ly  winds up t o  be a very t h i n  e lec t rode  
because you don ' t  need very much capaci,ty per square inch to 
match t h e  cadmium. Then you make the  p o s i t i v e  loading as high 
as you can t o  maximize the energy dens i ty  of the cell. 
'We've made the c e l l s  i n  t h i s  form. I showed you 
the data on t h e  small c e l l  i n i t i a l l y ,  capable of  rap id  re- 
charge. . . 
(slide 151 . ) . .  . 
Here are some d a t a  on some -- on one of' our cells 
on continuous overcharge. Here we have a C aver  20 overcharge 
ovor.20 degrees Fahrenheit b u t  these  cells had been previously 
conditioned 35 days a t  110  Fahrenheit  on overcharge, s o - a g a i n  
t h i s  is the winter following the ho t  summer. 
Now I p l o t t e d  pressure  in pounds per square inch 
absolute  versus time and the  cell has  shown low s t a b l e  capaci ty ,  
And f o r  comparison I have three d i f f e r e n t  other cell designs 
on the  same p l o t  that were n o t  designed t o  take a l l  these 
I 

f a c  kors into account. 
Ona of these  f e l l  o u t  r i g h t  a t  t h e  start.  Another 
one went f o r  a while bu t  then s t a r t o d  t o  generate hydrogen, 
prosunably because of t h e  exchange e f f e c t  t h a t  I spoke of .  
And another guy t h a t  r e a l l y  eoesn ' t  belong on t h i s  
. 
p l c t  par - se.At 75 Fahrenheit  it  s t a r t e d  to .genera te  hydrogen . 
a f t e r  seve ra l  weeks on overcharge. 
So t h a t  by taking a l l  those i n t o  account, one can 
design c e l l s  t h a t  can be used on contfiiuous overcharge. I 
think t h a t  tho aerospace indus t ry  might consider  some of these  
f a c t s  i n  t h e i r  cell design, e spec ia l ly  the e f f e c t s  of over- 
charge on the  electrod6 performances and perhaps o p t  fox a 
l i t t l e  more overcharge a t  l e a s t  than is present ly  being used. 
Thank you. 
EIALPERY: Are the re  any quest ious f o r  Dean? Any 
comments? 
FORD: Ford, NASA-Goddard. 
Dean, would you care  to comment on- You mentioned 
how t h e  hydrogen f r e e  capaci ty  changed with l i f e .  Rave you had 
any experience o r  observed any d i f fe rence  i n  cell p o t e n t i a l  
through which you can g e t  hydrogen a s  a funct ion of life a t  
these s teady or these  constant  c u r r e n t  overcharge rates? 
MAUKER: No,  f don ' t  th ink  1 could quote nwnbera 
~ f f  the top of my head on tha t  s p e c i f i c  thing. We h w e  observed 
voltages and you m g e t  hydrogen evaluation to vary over  q u i t e  
a v ide  range from s a f e  operat ion above 1.6 t o  hydrogen genera- 
t i o n  a t  1.55. , 
Of course we have observed hydrogenegeneration as 
I pointed ou t  here even a t  room temperature even though the 
voltages were not  very high. As I remember it, the  voltage was 
. 
probably i n  the  range of  1.45. 
EORD: ':. Gerry, do you have another quest ion here? 
DUNLOP: Jim Dunlop, Cornsat.  
Do you have any observed mechanism f o r  hydrogen 
recombination once you g e t  it generated? 
MAURER: N o ,  bu t  I 'd  l i k e  t o  have some. 
(Laughter. ) 
LACKNER: Lackner, Canadian Defense Research. 
On t h e  hydrogen free charga re tu rn ,  are w e  t a lk ing  
of negative-to-positive p l a t e  balance or ratio? You haven't  
given us a f i g u r e  f o r  tha t .  
. - 
, . .  
XAURER: What we f i n a l l y  used? 
LACKbIER: Right. 
MAURER: W e  use a r a t i o  of t h e o r e t i c a l  p o s i t i v e  
capacity t o  measured negative capaci ty  of 2.2 to  one- I'm 
sorry,  negative to  p o s i t i v e  of 2 t o  one. And t h a t ,  i n  theore- 
t i c a l  term*, t h e o r e t i c a l  negative t o  t h e o r e t i c a l  poa i t ive ,  is 
2-1/2 t o  one. 
LACKNER: The o t h e r  quest ion is face t ious .  I f  
your .' precharge, which I think we're on record w e  donl.t l i k e ,  
prevents  t h e  onse t  of hydrogen evo lu t ion ,  why d o n ' t  you have a 
l a r g e r  pe rcen t ' o f  . precharge so  you have a one-to-one r a t i o ?  
MAURER: A l l  you need is enough precharge t o  g e t  
o u t  of t h a t  i n i t i a l  reg ion ,  and t h a t  only amounts t o  something 
l i k e  10 percen t  of t h e  nega t ive  capac i ty .  This  depends on t h e  
. 
p a r t i c u l a r  e l e c t r o d e  t h a t  we're t a l k i n g  about. A l l  you need t o  
do is ge t  o u t  of t h i s  reg ion  and t h a t  i n  gene ra l  is  perhaps 
only 10 pe rcen t  of t h e  nega t ive  capac i ty  s o  you j u s t  p u t  i n  
enough t o  get  you o u t  of t h a t  area. 
LACKNER: Does t h a t  nean t h a t  i f  you started wi th  
a t o t a l l y  discharged nega t ive  and a t o t a l l y  discharged p o s i t i v e ,  
you would evolve hydrogen a t  t h e  beginning? 
IblAURER: 1 t .wou ld  i f  you d i d  it a t  a l o w  temperature 
and a high enough rate. 
LACKNER: A t  normal rates of, say,  C over  20, C 
over 10 a t  minus 5, would you evolve hydrogen? 
MAURER: Again, it depends on t h e  e l e c t r o d e  and 
its precondi t ioning.  I would guess  t ha t '  i f  you would e q u i l i -  
b r a t e  it a t  140 degrees  f i r s t ,  and you ' re  t a l k i n g  about minus 
5 and C over  1 0  on the nega t ive  capac i ty  t hen  you might very 
w e l l  g e t  a b u r s t  of hydrogen. 
WICK1aR: You're making a g e n e r a l i z a t i o n  and you ' re  
t ak ing  s p e c i f i c  cases  he re  of precondi t ion ing  e l e c t r o d e s  and 
what-have-you. As a gene ra l  e lec t rochemica l  phenomena, you 
don ' t  evolve hydrogen from t h e  nega t ive  u n t i l  you g e t  i n t o  t h e  
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overcharge region, s o  I ' m  asking: 
I f ' y o u  s t a r t  w i t h  a f u l l y  discharged negative and 
a f u l l y  discharged pos i t ive ,  what causes hydrogen to  be evolved: 
NAURER: You g e t  hydrogen evolved-- On t h e  
negative process the re  is  i n  general  t h r e e  po la r i za t ions  t o  
. 
concern yourself with. One i s  the  po la r i za t ion  for  hydrogen 
evolution on n ickel  'surfaces;  another, t h e  po la r i za t ion  -- 
ac t iva t ion  po la r i za t ion  f o r  cadmium reduction; and t h e  polar i -  
zat ion -- .concentration polar iza t ion;  and t h e  po la r i za t ion  f o r  
hydrogen evolut ion on cadmium. 
Now on the very s tar t  of the  charge on a completely 
discharged e lec t rode  there a r e  exposed n icke l  s i t e s  ava i l ab le  
and one can have a condition i n  which they hydrogen p o l a r i z a t i o ~  
on n ickel  takes over and you g e t  some hydrogen of f  before 
cadmium covers these  areas during p a r t  of  the  charging process 
on cadmium. S o ' i t ' s  a b u r s t  of  hydrogen; i t ' s  not  a continuous 
evolution that '  continues throughout t h e  c e l l  charging. 
But i f  you're t a l k i n g  about cycl ing the c2ll under 
those condi t ions,  then you can accumulate some hydrogen, but  
j u s t  where the process occurs depends on each p a r t i c u l a r  cell  
design and a l l  I ' m  saying i s  t h a t  one needs t o  take a l l  of 
these f a c t o r s  i n t o  account i n  designing t h e  cell. 
Maybe f o r  your p a r t i c u l a r  app l i ca t ion ,  your pa r t f -  
cu lar  condi t ions,  t h i s  won't be a problem t h a t  you have t~ 
ivorry about a t  al l .  I n  0ur.se.t: of condi t ions we have t o  worry 
Werrl Rapofterr, Inc. 
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about it a l i t t l e  b i t .  
LACICNER: It 's been oux experience t h a t  t h e  l e s s  
precharge you have t h e  b e t t e r  o f f  you a re ,  b u t  i t ' s  hard t o  
convince anybody e l s e .  
MAURER: I agree with t h a t  i n  the sense t h a t  you 
want the  excess cadmium 'in the  form of cadmium hydroxide s o  
t h a t  the r a t i o  doesn ' t  Lave t o  be any higher than you absolutely 
need, because the  higher the  r a t i o  t h e  lower the  energy dens i ty  
becomes and s o  on. 
I don ' t  think you need precharge f o r  the  purpose 
t h a t  many people pu t  it i n ,  namely t o  lower t h e i r  oxygen pres- 
sure. I don ' t  think i t ' s  espec ia l ly  necessary f o r  t h a t .  I f  
you load the  e lec t rode  low enough you can have low enough 
oxygen pressure. 
And the o the r  reason t h a t  some people pu t  it i n  
is because of fading of the  negat ive on some types of cycling 
regimes. I th ink  t h a t ' s  accentuated when you have very l imi ted  
or no overcharge. Then one tends t o  get' i n t o  negat ive fading 
more -- i n  a more pronounced way than you would if you had 
overcharging. 
STEINHAUER: Steinhauer,  Hughes. 
Dean, would you say then- I not iced ycu ran  a 
long-term 35-day overcharge teste:-- t h a t  if you don ' t  have the 
opportunity t o  have f u l l y  instrumented cells, say f o r  gas 
par t i t ioning  o r  for pressure,  would a long-term low temperature 
24 
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overcharge test be a reasonable ind ica t ion  of adequate over- 
charge protecti'on o r  cadmium hydroxide u p s t a i r s ,  along with 
voltage? 
MAURER: N o ,  no t  j u s t  i n  i t s e l f .  You need the  over- 
charge. You a l s o  need something i n  t h e  way of preconditioning 
t o  the  worst case condition.  And then you have t o  have some 
idea how the  negative might be fading i n  capaci ty  with l i f e  
and account f o r  t h a t  as w e l l .  
Because what you want, you want t o  e l iminate  a l l  of 
these f a c t o r s  a s . f a i l u r e  modes so t h a t  what you do is look a t  
#hat t h e  negative is going t o  be looking l i k e  -far o u t  i n  t h e  
xnd allow f o r  enough excess capaci ty  and enough excess cadmium 
~ydroxide  way o u t  i n t i r n e  so t h a t  you won't g e t  i n t o  t rouble.  
Otherwise, this might very w e l l  become the f a i l u r e  
node i t s e l f .  
HAINES : Halnes , Defense Research ~s tab l i shxnan t  ,
Rtawa. ' . ' 
I ' d  l i k e  t o  come back t o  t h i s  hydrogen evolution. 
:f I understand what you s a i d  c o r r e c t l y ,  i t ' s  when you have your 
regatives completely discharged, you have n icke l  sites where 
pou can possibly g e t  t h e  e v o l h i o n  of hydrogen. 
Now are you s t a t i n g  t h a t  when the t h ing  is p a r t i a l l y  
:harged, these  nickel  sites a r e  covered? And i f  they are not ,  
hen how come you don ' t  g e t  hydrogen evolut ion every time you 
; t a r t  t o  charge? 
MAURER: Well, I think i t ' s  a matter of degree, 
I think t h a t  once you've s t a r t e d  t o  charge you cover enough 
3 f  them t h a t  you g e t  o u t  of the  problem t o  some extent .  
HAINES: I j u s t  c a n ' t  see how the  charge cadmium 
s i l l  cover these n ickel  sites. 
. 
b W R E R :  Well, t h e  charging ac t ion  goes through a 
~ o l u a b l e  intermediate and the cadmium w i l l  s i t  down on any 
2 lec t r i ca l ly  a c t i v e  s i t e  ava i lab le ,  and the re  a r e  probably more 
l i cke l  sites ava i l ab le  i n i t i a l l y  than anythins else. 
I n  f a c t ,  i f  you can think of .:a. & s t i n e  s t a t e ,  
ind I ' m  n o t  su re  you ever  r e a l l y  have this, depending on the I '  
nethod of impregnating, where you have cadmkum hydroxide pre- 
sumably throughout most of t h e  --.covering much of t h e  a rea  
in the cell and n icke l  -- t he re  i s n ' t  &y cadmium i n i t i a l l y  -- 
md then a s  t h a t  becomes reduced it has t o  go down on some 
substrate ,  conductive s u b s t r a t e  within t h e  electrode.  
GIMER: Jose  Giner, Tyco Laboratories.  
I think t he re  probabqfmay be 'another  explanat ion,  al: 
C want t o  suggest a look at: t h e  o ld  papers of reduct ion of 
A d e s  i. by Ohse-- and .;NagBl and many o the r  people have shown 
:hat when you have a completely oxidized substance l i k e  
jxide o r  s i l v e r  oxide, you have always an overshoot of potent ia l  
:o reduce t h e  beginning because you have to c r e a t e  some 
rucleation 'for the f u r t h e r  reduction. 
So it is poss ib le  that i f  you have only cadmium 
oxide the  p o t e n t i a l  overshoots i n  order  t o  create these. 
so ,  i n  t h e  overshoot you may evolve hydrogen, 
Therefore, I th ink  t h a t  probably you want t o  have 
the  cadmium, free cadmium, t o  avoid t h e  p o t e n t i a l  overshoot 
t h a t  you g e t  when you nucleate.  
MAURER: Y e s .  So t h a t  you a r e  saying t h a t ,  ins tead* 
of n ickel  s i t e s  se, you now have some cadmium sites as 
-
* 
well? 
GINER: You need them f o r  t h e  cadmium oxide reduc- 
tion. 
DUNLOP: I want to k e n t  on ' t h a t ,  too. This over- 
shoot t h a t  you look a t ,  you normally observe when you completelj 
i ischarge the cell f o r  a long period of time and t h a t ' s  t h e  
reason why almost a l l  the battery rnanuflacturers recommend t h a t ,  
if you have cells t h a t  are shorted i n  your l abora to r i e s  f o r  a 
. . 
Long period of time, t h a t  ysu exerc i se  a g r e a t  ,deal of caut ion 
then you i n i t L a l l y  s t a r t  charging. 
Noyr, a f t e r  you've cycled the cells f o r  a while,  it 
seems t h a t  you don ' t  r e a l l y  have t h i s  problem, and our  r e s u l t s  
vould i n d i c a t e  the reason you don ' t  have this problem is t h a t  
IOU now have more a c t i v e l y  charged cadmium a v a i l a b l e  t o  you. 
ESAURER: That 's  t r u e ,  a t  room temperature. 
GINER: At'xqom temperature. 
. . 
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The o t h e r  po in t  t h a t  we have observed i n  the  c e l l s  
rhat a r e  being made f o r  us using the  normal ShFT process is  
:hat when they make the: cell i n i t i a l l y  they ' re  going t o  have 
:his 10 percent  charge cadmium i n  the re  because they c a n ' t  
jet it o u t  of there .  It 's the re ,  and t h e r e  i s  no way i n i t i a l l y  
. 
to discharge it a f t e r  the cell  p l a t e s  come o u t  of the  fokma- 
tion cycle. 
So i t 's  r e a l l y  n o t  something you have t o  pu t  i n ;  
i t ' s  r e a l l y  i n  t h e r e  anyway, and they r e a l l y  can ' t ,  unless they 
zhange the procedure, the cur ren t  procedure, they c a n ' t  g e t  
L t  ou t  anyway. 
MAURER: m a t  you say is p a r t i c a l l y  t r u e  and would 
Be t r u e  a t  roam temperature operat ion bu t  i f  you take those 
5lectrodes t h a t  have been completely discharged electrochemical: 
3 t  room temperature and dropped t o  low temperatures, you g e t  
this e f f e c t  again anyway. 'SO t h a t  amount of precharge i s n ' t  
anough to  account f o r ,  let's say,  20 degree or zero degree 
qx?rations. 
SEIGER: Seiger ,  of ne l io tek .  
Dean, i n  t h e  f i r s t  p a r t  of-- During t h a t  period 
~f hydrogen evolut ion,  what's happening t o  t h e  temperature of 
the cell? Is it g e t t i n g  very hot ,  or is it s tay ing  moderately 
cold? 
14AURER: It's moderately cold. 
IIALLECK: Halleck, Tyco Laboratories. 
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I I have a quest ion per ta in ing  t o  t h e  fade of t h e  cad. I 
m . h m .  elec t rodes .  Do you know anythin- about whether it 
fades f a s t e r  or less f a s t  if you have a high r a t e ,  a conti,nuous 
high r a t e  of overcharge? 
I 
MAURER: No. I have a f e w  genera l iza t ions ,  'Y  
t h a t ' s  a l l  they are a t  the moment. We're going t o  do some of 
these  s tud ies ,  look a t  the effect of overcharge and r a t e  o r  
lack of overcharge a t  a l l  on the. negative.  
Bu t  i n  general ,  I think t h e  higher t h e  rate, the 
worse the  fiding is. 
W L E C K :  You mean the higher  t h e  rate of  over- 
charge? 
MAURER: The h igher  t h e  rate of dischaxge, the  more 
fading one accumulates. As f a r  as charging, I ' m  no t  sure. 
I don' t  have any real f e e l i n g  f o r  t h a t .  
. . 
 FOR^ : Ford, NASA/Goddard . 
I'd l i k e  to make two comments, one i n  regard t o  
, 
Bob Steinhauer 's  p o i n t  on the low temperature overcharge t e s t  
f o r  long periods.  It i s  my b e l i e f  t h a t  t h a t  only i s  a s t a t u s  
ind ica to r  of the presen t  condi t ion of t h e  cell and as Dean 
indica ted ,  t h a t  w i l l  change on a day-to-day basis. 
But I t.hink we are missing t h e  major p o i n t  here. 
Dean showed a curve l a b e l l e d  ncommercial p l a t e s w  of the degrada 
t i o n  i n  ampere hour capaci ty  of the negat ive electrode. .  I 
can shew you data i n  NASA reports of c o m e r c i a 1  aerospace 
p l a t e s  t h a t  look e s s o n t i a l l y  t h e  same. So you might draw your 
ovm conclusions from tha t .  
B u t  my po in t  is simply t h i s :  
I think w e  a r e  basing negative capaci ty  t o t a l  ' i n  
a c e l l  -- t h i s  is measurable capaci ty  as required i n  t h e  speci- 
0 
f i c a t i o n ,  t h e  r a t i o  test, and p a r i t y  capaci ty .  We are basing 
our r a t i o  on an e a r l y  po in t  i n  l i f e .  We a r e  not  taking i n t o  
consideration t h i s  degradation, and I an\ proposing today, and 
Z think you w i l l  s ee  it very s h o r t l y  i n  f u t u r e  NASA specs,  
t h a t  one of the  requirements f o r  qual i fy ing  a group of nega- 
t i v e  e lec t rodes  f o r  a cell is to  run the cycle  test t o  demon- 
. , 
s t r a t e  capacity s t a b i l i t y ,  and I th ink  this i s  something w e  
should be looking a t  very hard. 
HAGPERT: Any o the r  comments on t h i s  pqint?  
One moxe. 
T H O ~ L L  :  horne ell , ESB . 
What are' t h e  energy d e n s i t i e s  on these  cells? 
MAURER: I ' m  n o t  s u r e  what it is f o r  the 23. For 
the l i t t l e  one i t 's  i n  excess of one w a t t  hour per' cubic inch. 
I don' t  know what it is i n  terms of weight. 
HALPERT: Okay. 
We're going t o  start  our  pre-charge session.  I 
guess we're going t o  have t o  do t h a t  d i r e c t l y  a f t e r  lunch. 
We have one more paper f o r  this mornf ng, and t h a t  is by W i l l  
Scot t ,  who wants t o  p resen t  some ana lys i s  d a t a  from t h e  a t a t e  
of the  a r t  p l a t e  mater ia l s .  
SCOTTt I ' d  l i k e  t o  present  some d a t a  t h a t  has been 
qmera ted  t o  dote  on a program t h a t  i s  supported by in-house 
resources a t  TRW d i rec ted  toward determining t h e  fundamnta l  
l imi ta t ions  t o  operat ing cells a t  very high u t i l i z a t i o n  fac to r s  
. 
o r  very high depths .of discharge,  whatever you wish. 
The o r i e n t a t i o n  of t h e  work is toward appl ica t ions  
a t  the moment i n  synchronous e q u a t o r i a l  o r b i t s  where one has 
the  freedom a t  l e a s t ,  le t ' s  say, of choice because of a rela- 
t i v e l y  low number of cyc les ,  a t  l e a s t  compared t o  what is re- 
quired i n  a low earth o r b i t .  
Th is  work is i n  support  o f ,  a t  t h e  moment, of 
various o t h e r  hardware and development programs st TRW d i rec ted  
toward long-term synchronous o r b i t  type appl ica t ions .  
Now most of you have seen var ious  kinds o f  ana ly t i -  
c a l  d a t a  f o r  plate  mate r i a l  i n  t h e  p a s t  and I'm n o t  going to 
show you, I hope, the same kind of d a t a  t h a t  you may have seen 
before. What I vould l i k e  to  show you is  some data f o r  some 
p l a t e  mater ia l  made under a s p e c i a l  set of condi t ions  but  not  
necessar i ly  any d i f f e r e n t  basic process  condi t ions than is 
o r d i n a r i l y  being used today. 
The main differerrce is that t h e  ma te r i a l  was -- t h e  
ba ta  t h a t  I ' l l  show you today was taken from p l a t e s  a l l  taken 
from a s i n g l e  s p i r a l  during the production cycle  an6 therefore ,  
it represents  i n  a sense poss ib ly  -- *possibly, '  I say,  a 
higher d i s t r i b u t i o n  o r  a more s ingle-point  typo of d a t a  than 
aay be ordinarkly avai lab le  vhen one cannot have avl.iAlable t o  
him a uingle  s p i r a l  o r  a s i n g l e  small  l o t  of p l a t e  mater ia l  
made under cont ro l led  conditiona.  
What we d i d  was t o  i s o l a t e  t h i s  s p i r a l  of mater ia l ,  
follow it through t h e  manufacturer,' s ,process and' obta in  .samples 
of t h e  ma te r i a l  a t  var ious po in t s  i n  t h e  process,  including 
t h e  samples of t h e  unimpregnated plaque mater ia l  a t  var ious 
s tages  of the impregnation and of t he  f i n a l  p l a t e  ma te r i a l  
pr ior  to  formation, f i n a l  formation and a f t e r  f i n a l  formation. 
I w i l l  no t  make any at tempt  to show' you a l l  t h o  
data t h a t  we have b u t  I do want to  show you eomo sa lec ted  d a t a  
#hick is t y p i c a l  and p o i n t  o u t  some i a t e r e s t i n g  r e s u l t s  that 
tm are beginning to see. 
F i r s t  of a l l  I would l i k e  to  show you our  own ver- 
sion. of  e l e c t r o ~ c ~ o s c o ~ e  photographs of two s t age r  of p l a t e  
naterial. One i a  t h e  unimpregnated plaque and tn.. . her is 
the f in i shed  p l a t e  a f t e r  formation. 
t 
(sL&d@ 152. ) 
This is a scanning electronmicrosoope photograph 
3f t he  unimpregnated s i n t e r  used to  make the p o s i t i v e  p l a t e .  
. *  . 
: :.: . .  
, .  
.; :9l i iu i s  a t  100 X as it was p r i n t e d  on the 
photograph as: you see it there, 
: -.:.:I d g h t  p o i n t  o u t  that..to' me..thir looks . l ikeh it is 
... . ",': ,. -, . ..:." : :. ' *; ,.' : :; .: ' 
. ...*, : ? ., "'.i. . *,. 3 -  . . 
near the  same magnification a s  the  photos t h a t  Gerry showed 
you e a r l i e r  when ha mentioned the  f i g u r e  500 X. Now I'm not 
sure  what the d i f fe rence  is there b u t  I bel ieve  I ' m  r i g h t  when 
I say that t h i s  one is at 100 X. 
~~lide:.f53.) . 
. 
This i s  the same mater ia l ,  p o s i t i v e  p l a t e ,  un- 
impregnated plaque a t  1,000 X. Now again here  t h i s  looks much 
l a r g e r  than the photos t h a t  Gerry showed t h a t  were mentioned 
as.500 X s o  I'm no t  s u r e  why t h e r e  seems t o  be t h a t  d i f ference .  
But here you can see even more graphica l ly  than 
you can i n  the smaller magnifications t h e  type and degree of 
var ia t ion  of void Spaces and s i z e s  and shapes and you can 
appreciate the  problem of t ry ing  to evalua te  and charac ter ize  
the nature of the void spaces i n  these  s intered:s t ructures .  
Next is a photograph, a scanning e l e c t r o n  micro- 
scope photograph a t  t h e  same magnification of the completed 
posi t ive p la te .  
I'm n o t  sure  exact ly .  how y e t  t o  i n t e r p r e t  tile photo- 
graph on ycur r i g h t ,  what it a l l  means, bu t  one of t h e  i n t e r e s t -  
ing poin ts  t h a t  I ' l l  p o i n t  o u t  which X haven't  completely 
evaluated is the  -- a r e  the pla teaus  t h a t  you can s e e  t h e r e  
where it appears t h a t  the  high spo t s  have been f l a t t e n e d  or 
sheared o f f  . 
This p l a t e  mater ia l  i s  made by a process which 
involves compacting the  p o s i t i v e  mater ia l  s i n t e r  p r i o r  t o  
impregnation. 
By the way, t h e  photograph on t h e  l e f t  is  of a 
n a t e r i a l  t h a t  had been compacted and doesn ' t  appear t o  be -- 
loesn' t have t h a t  appearance, s o  I ' m  n o t  q u i t e  su re  y e t  why 
. . 
these two f igures  don ' t  coxre la te  b e t t e r  than they do. 
The other  photograph of t h a t  type t h a t  I can show 
you i s  a f in ished  negative p l a t e  which is roughly similar i n  
appearance t o  t h a t  of t h e  p o s i t i v e  p l a t e .  
(Slide.  155,) 
There are considerable areas t h a t  appear to be 
f la t tened.  
Now what i n  general  we are t ry ing  to do i s  t o  -- 
fle're doing two th ings  with the a n a l y t i c a l  approach t o  t h i s  
?late mater ial .  As p a r t  of an A i r  Force-supported program we 
nre going t o  do extensive l i f e  t e s t i n g  of cells containing 
t h i s  p l a t e  mater ial .  This l i f e  t e s t i n g  w i l l  be under var ious 
zonditions and w i l l  extend over a . p e r i o d ' o f  a minimum of two 
tears  and possibly longer. 
W e  expect t o  be analyzing the  condi t ion of the plate 
n a t e r i a l  a t  i n t e r v a l s  during t h e  l i f e  t e s t  and so t h e  ana lys i s  
ge're doing now i s  the reference po in t  t o  which we a r e  going 
to be comparing the addikional analyses as t i m e  and cycl ing  
progresses. 
The other th ing  we're doing is on the i n t e rna l -  


I don ' t  think I ' l l  need t o  comment f u r t h e r  on t h a t ,  bu t  I ' d  
l i k e  t o  show you quickly i f  I may -- i f  t h e  gurggling of 
stomachs doesn ' t  drown me ou t  -- one set of da ta  f o r  carbonnte 
analys is  because I would l i k e  to make a po in t  here. 
(Slide.  157. ) 
ha0 points .  . 
Now first of a l l ,  the two items a t  t h e  top  of t h i s  
are f o r  plate mate r i a l  a f t e r  it is f in i shed  with i t s  complete 
processing j u s t  p r i o r  t o  i n s e r t i o n  i n  a c e l l .  
NOW n o t i c e  t h a t  t h e  p o s i t i v e  p l a t e  ana lys i s  -- t h i 8  
is on weight percent  -- is higher than t h e  negat ive .analysis .  
Now t h i s  is i n t e r e s t i n g  because t h e  consensus of a number of 
t 
people seems t o  have been t h a t  the  problem of carbonate i s  
always worse on the negat ives  than it is  on t h e  pos i t ives  and 
m r  d a t a  don8 t ' seem to  be= t h i s  out .  
NOW down a t  the bottom, I have four  sets of d a t a  
from what 1 c a l l  our  negat ive p l a t e  study. This was a set 
se r i e s  of analyses t racking  t h e  p l a t e  material- This is nega- 
t ive  p l a t e  only i n  this case. I don ' t  h a v e , t h e  d a t a  f o r  t h e  
sos i t ive  y e t  -- through t h e  process. 
Now t hese  are s l i g h t l y  o u t  of order  a t  the bottom 
> u t  the  f i r s t  l i n e  give's the ana lys i s  f o r  carbonnte p r i o r  t o  
I 
formation. The second l i n e  g ives  you the d a t a  f o r  the values 
. _ . ..& . . -- 
kfter  formation bu t  p r i o r  t o  washing where the p l a t e s  were 
. *  
racuum d r i e d  and no t  contacted with a i r  except f o r  a very few 
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sbll. 'c 1 and a r e  vac'ctun? dr ied ,  t h e r e  is  a  s i g n i f i c a n t  reduct ion i n  I 2 c a r k n ~ t c  leve?: down t o  .35 percent ,  s o  t h i s  would tend t o  
1 3 i nd ica te  tha t  people should give some a t t e n t i o n  t o  t h e  exact  
(F' 
- 
-. 
method of washing a'nd drying and handling the  p l a t e s  a t  t h i s  
5 po in t  i n  time, I 
J u s t  t o  g ive  you an o r i en ta t ion ,  t h e  .8 percent  
7 l e v e l  would give you, if it was a l l  ext rac ted  i n t o  t h e  e lec t ro-  I1 
8 l y t e  i n  a normal cell containing a normal amount of e l ec t ro -  I 
9 l y t e ,  would give you a carbonate concentrat ion of the order  of I 
10 90 grams per  l i ter,  which I consider t o  be excessively hlr.h. I 11 . HALPERT: I want to  apologize to W i l l  f o r  moving 
him a l i t t l e  b i t  f a s t e r  than he planned. H e  had some o the r  d a t  
.- 3 ,
- 
The cafeteria 5s expecting us  a t  t h i s  p a r t i c u l a r  
15 t i m e  s o  w e ' l l  t ake  a break, and s i n c e  w e  have the pre-charge I1 
work' t o  start with t h i s  af ternoon,  I ' m  su re  t h e r e  i s  going t o  
was taken.) 
18 
17mbe a great d e a l  of discussion,  and I wonder i f  we could make 
it back here  by 1:30. 
l9  1 (Whereupon, a t  12:30.p.m., a luncheon recess  
C/9 - 
obf 1 AFTERNOON SESSION 
, . (1:35 p.m.) 
HALPERT: I f  t h e r e  is anybody who i s  going t o  be 
going t o  National Airpor t  a f t e r  t h i s  meeting, we have someone 
who is i n t e r e s t e d  i n  g e t t i n g  a r ide .  I'd apprec ia te  it i f  you 
would l e t  ne know and I ' l l  be glad t o  pass on the  information. 
For t h i s  af ternoon's  sess ion  I ' m  going to  t u r n  
thc session over t o  Dean Maurer, B e l l  Labs, who w i l l  introduce 
our speakers and handle t h e  afternoon session. 
' MAURER: We have a s p e c i a l  t r e a t  f'or the f i r s t  
th ing  t h i s  afternoon. W e  have some movies and Charles Thomas, 
Chrysler, is going t o  show us  how t o  f i r e  up a s i lve r -z inc  
ba t te ry .  
THOMAS: This film t h a t  w e  w i l l  see documents the  
r e s u l t s  o r  p a r t i a l l y  the r e s u l t s  of a program t h a t  we a r e  
conducting f o r  the ~ ~ S ~ / H a & h a l l  Space F l i g h t  Center t o  de f ine  
the h a z d d s  associa ted  with s i lve r -z inc  ' ba t t e r i e s .  
The hazards documented by this f i l m  are t h e  ones 
t h a t  a r e  t h e  most spec tacular ,  t h a t  is, of spontaneous com- 
bust ion due t o  c e r t a i n  abnormal conditions.  
Now w e  have had some problems with s i lve r -z inc  
b a t t e r i e s  i n  the p a s t  and NASA f e l t  t h a t  we should evalua te  
more thoroughly the condit ions t h a t  w i l l  cause spontaneous 
corrhustion. We have evaluated such th ings  as -- thc e f f e c t  of 
such things as i n s u f f i c i e n t  e l e c t r o l y t e ,  s h o r t  c i r c u i t s  i n  
cells, overloads of b a t t e r i e s ,  and overheating of c e l l s .  
The f i lm t h a t  y o u ' l l  see has been p a r t i a l l y  ed i ted .  
It does not  include the r e s u l t s  of a l l  t h e  tests. It doc~rments, 
though, f i r s t  t h e  r e s u l t s  of ' a  s h o r t  c i r c u i t  i n  a 350 an9ere 
hour c e l l ,  then second, t h e  e f f e c t  of overload on a b a t t e r y  
. 
containing 350 ampere hour c e l l s ,  and t h i r d ,  t h e  e f f e c t  of 
overload on about a 35 ampere hour ba t te ry .  
I n  the case of overloads,  t h e  a c t u a l  discharge 
cur ren t  f o r  this test was something l i k e ,  oh, s i x  t imes r a t e  
maximum current .  
I n  M e  case of t h e  s h o r t  c i r c u i t  i n  t h e . c e l 1 ,  t h e  
r e s i s t ance  pxior  t o  a c t i v a t i o n  of t h e  cell between the pos i t ive  
and negative terminals  was 75 ohms. Now t h a t ' s  one of t h e  
th ings  t h a t  w a s  very i n t e r e s t i n g .  The ' r e s i s t ance  of t h e  s h o r t  
c i r c u i t  need not  be low i n  order  to  cause t h i s  problem. 
DO you want t o  'start the f i lm? 
(Whereupon, a f i l m  was shown with t h e  following 
commentary. 1 
The f i r s t  p a r t  of  tho film shows a c t i v a t i o n  of the  
c e l l .  The cell t h a t  is  under t e s t  is i n  tho chamber r i g h t  undel 
the  clock. 
The e l e c t r o l y t e  was p u t  i n t o  a r e s e r v o i r  through 
which a vacuum was pulled.  The tacuum was then removed a f t e r  
the-'& had been evacuated from the cell and -'le e l e c t r o l y t e  
is now being drawn i n t o  t h e  cell. 
NOM the s h o r t  c i r c u $ t  is  d i r .?c t ly  underneath t h e  
cement t h a t  holds the thermcrcouple on. 
Now you see  the e l e c t r o l y t e  beginning t o  b o i l  i n  
t h e  vicinith- of the short ,  c i r c u i t .  The temperature -- w e l l ,  
i t ' s  about 150 degrees Fahrenheit.  
It looks l i k e  the  e d i t o r  d i d n ' t  leave enough o f  the 
temperature gauge, , . ..
The t h e  to  cc ,:i;.~ -rtion f o r  t h i s  cell was about 4 5  
minutes. 
Now you can see a t  the bottom l i g h t  and discolora-  
t i o n ,  smoke, and it appears from t h e  glow a t  t h e  bottom t h a t  
maybe coxbustion has a c t u a l l y  started on the back s i d e  or on t h e  
bottom, although you ' l l  see s h o r t l y  a b r i g h t  s p o t  j u s t  to the 
l e f t  of t h e  thermocouple. 
'The temperature a t  combustion was j u s t  about 325 
Fahrenheit.  
Now owe these th ings  start burning, combustion is 
q u i t e  vigorous because of t h e  -- 
(Laughter. ) 
Now t h i s  is  a s i n g l e  cell. Think of what you'd 
have with 2 1  cells. 
What happens is that oxygen is liberated by a break, 
down of t h e  s i l v e r  peroxide on t h e  p o s i t i v e  p la te .  This oxygen 
-, 
supports combustion. Now t h i 6  i s  one of t h e  problems which 
you have with e s i lve r -z inc  b a t t e r y  fire. It's very d i f f i c u l t  
t o  ext inguish,  o r  impossible. 
I Thks was a p r e t t y  good test of t h a t  clock, too. I 
(Laughter. ) 
Inc identa l ly , .  t h e  clock is st i l l  running. 
There 's  some more of the fi lm. The c l o t k  is  stil l  I 
oparabl-. This i s  t h e  sane clock used f o r  . b a t t e r y  test, ' I  
I 
b a t t e r y  overload test. 
Now let 's  see. Watch closely.  This is t h e  one thad 
explodes . 
Now t h a t  was a 35 ampere hour operated a t  about s i x  
times normal r a t ing .  The i n t e r n a l  prestsures were s o  h i l ~ h  t h a t  I 
a very l a r g e  contac t  i n  the outrjut connectar was a c t u a l l y  blown I 
ou t  l i k e  a b u l l e t  and the l i d ,  t h e  cover, blew o f f .  The cove:: 1 
has 23  screws and about ha l f  of them were broken o f f ;  t h e  o the r  
ha l f  were j u s t  pul led ou t ,  the thread s t r ipped  o f f .  I 
We've g o t  another test. This is s 350 anGere hour I 
battery. Now combustion occurred b u t  was not  sus ta ined  in the I 
case  of this b a t t e r y  because t h e  peroxicle had been apparently I 
v i r t u a l l y  a l l  deplet,ed before combustion s t a r t e d .  I 
We s t a r t e d  discharcj~ng this b a t t s r y  a t  a r e l a t i v e l y  
l o w  cu r ren t  and did no t  y e t  up to  a curzent  of  s u f f i c i e n t  I 
magnitude t o  cause i n t e r n a l  overheating u n t i l  we had consumed I 
most of t h e  capacity.  
J 
Now this b a t t a r y  was being discharged a t  350 amps. 
That is smoke. It's no t  e l e c t r o l y t e  vapor. f t  had I 
a d i s t i n c t i v e  z inc  odor t h a t  you g e t  from a burning zinc plate. 
Inc identa l ly ,  the  mode of combustion here appears 
t o  be t h a t t h e  zinc p l a t e s  s t a r t  burning f i r s t  a t  about 325, 
350 degrees Fahrenheit.  Of course a f t e r  they s t a r t  t o  burn, 
oxygen i s  l ibe ra ted  and t h i s  raises the  temperature to  t h e  point 
. 
where everything i n s i d e  the  b a t t e r y  burns. 
, 
(End of film. ) 
Any quest ions? 
NAUlWt: Any quest ions? 
GROSS: Sid  Gross, Boeing. 
. . 
Did you d e l i b e r a t e l y  create a s h o r t  i n  t h e  cells 
before you -- 
TdO:L\S: 2ight .  
GROSS: -- f i l l e d  with e l e c t r o l y t e ?  
How d i d  ycm do that? 
THOMAS: W e  d r i l l e d  a hole  through t h e  s i d e  of t h e  
p l a s t i c  case between t w o  of t h e  p l a t e s ,  and of course the  ha le  
went down i n t o  t h e  area betwoen t h e  p la te s .  W e  then inse r t ed  a 
s t a i n l e s s  s t e e l  pin b a t  f i t  r a t h e r  loosely.  We wanted to have 
a f a i r l y  high r rs i s ta r lce  shor t .  
GROSS: A stL. inless  s t e e l  p in  between a l l  t h e  platos 
THOELAS: No,  between j u s t  two of t h e  p l a t e s .  
The s h o r t  c i r c u i t -  It appears t h a t  you have a 
g r e a t e r  tendency f o r  combustion when the shcrt c i r c u i t  area is 
small. 
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GROSS: Had you ever  seen or  heard of any similar 
f i r e s  occurr ing nat- l ral ly? 
TIIOtlAS: Yes.  Afterwards you might c o r r e c t  my 
memory on t h i s  but  I know of a t  l e a s t  th ree  cases  i n  which 
b a t t e r i e s  of  the type used i n  t h e  Saturn launch vehic les  have 
burned spontaneously due t o  problems t 5 a t  we were never reallyy 
sure  of .  . . 
MAURER: Any o t h e r  quest ions? 
W e  have a s l i g h t  reorganization- W e  have another 
question f o r  you. 
PASCHAL: I might add a l i t t l e  b i t  t o  this. 
On the b a t t e r i e s  t h a t  had f a i l e d  previously we had an estimated 
u n i t  b a t t e r y  t h a t  had been a spa re  u n i t  f o r  one o f . t h e  launches, 
A f t e r  t he  launch, t h i s  b a t t e r y  w a s  brought back up to  t h r s h a l l  
and was pu t  under v i b r a t i o n  test. It was then pul led  t o  a 
laboratory and ;as s i t t i n g i n  the laboratory,  and of course 
t h e  shelf l i f e  of this b a t t e r y  w e t  i s  about 120 hours, s o  
obviously t h e  s h e l f . l i f e  had long been exceeded. 
A s  a result, t he  cell  f a i l e d  thraugh f a i l u r e  of 
the  separa tor  system. This was one of  them t h a t  Char l ie  Thomas 
is t a l k i n g  about. 
A second b a t t e r y  was an S-4-B s t a g e  b a t t e r y  which 
f a i l e d  during test operat ions on tho West Coast. This paxticu- 
lar one f a i l e d  as a r e s u l t  of a c o n t r o l l e r ,  hea t  c o n t r o l l e r  
t h a t  s tuck and caused the hea te r  toEti l  to t u r n  off. This  
heated the  ba t te ry .up--  There's a h c a t s r  blanket  i n  the  
botton, of t h i s  b a t t e r y  and of course with t h e  c o n t r o l l e r  turned 
on, t h e  hea ter  remained on u n t i l  it was a b l e  to  hea t  the 
b a t t e r y  t o  such a temperature as t o  cause the b a t t e r y  t o  catch 
f i r e .  
. 
!rlAURER: We had a reorganizat ion of the program 
s l i g h t l y .  This afternoon was o r i g i n h l l y  scheduled for: thermal 
p roper t i e s  and s o  w e ' l l  a c t u a l l y  adhere to tha t .  
W e  have one o r  two papers on thermal proper t ies .  
That w i l l  g e t  r i d  of a l l  the f i r e s  and g e t  the'smoke o u t  of 
the room. It'll g e t  the heak o f f  an8 then w e  can g e t  down to 
business and have the rest of the day and i n t o  the n igh t  to 
haggle over  pre-charge e f f e c t s .  
So t h e  next  speaker w i l l  be B i l l  Webster on t h e  
design and development of the  hea t  flow calor imeter  fox. .  
measuring thermal p roper t i e s  of aerospace cells. 
WEDSTER: The co-authcr of t h i s  paper is a fel low 
by t h e  name of S id  T e l l e r ,  also a Goddard employee, and any 
quest ions t h a t  you might have, i f  you cannot reach me ,  I ' m  su re  
you could a l s o  get ahold of Sid. H i s  number is  5379. 
The development of the calor imeter  was decided 
because people are unable t o  p r e d i c t  from theory t h e  amount of 
hea t  t h a t  w i l l  be generated by a'mickel-cadmium baice.ry. This 
is extremely important t r ?  the spacec ra f t  manager and t o  t h e  
b a t t e r y  engineer s ince ,  as we know, a battery's opera t ional  
& is proport ional  t o  i ts temperature. 
For  ins tance ,  a t  15 degrees C. we might expect a 
I 3 five-year l i f e  ou t  of  a c e l l .  A t  35 degrees C. ,  t h i s  . l i f e  
- - 41 would diminish t o  one year. 
! For a period of over 60 years ,  s c i e n t i s t s  have been 
_- 
- - I - - .. 6 building cohlometers; s o  why d id  w e  bu i ld  another one? Well, - - i 7 we thought t h a t  of a l l  these  coulometers. t h a t  appear i n  ' 
t he  l i t e r a t u r e ,  about 400 of them, none of them were par t icu-  
l a r l y  s u i t e d  t o  an aerospace cell. 
The problem is f u r t h e r  complicated by t h e  f a c t  t h a t  
i n  t h e  next  decade, LJASA w i l l  be using a t  least s e v e n ' d i f f e r e n t  
'3 
s i zed  cells i n  their spacec ra f t  ranging from a 6 ampere hour 
rn t o  a 100 ampere hour s i z e d  cell, s o  what w e  wanted more than 
0. . .  
= 
1 j u s t  a €Wu&oBlete~~, which we've had before -- I did some work 
- 
15 a t  American Universi ty  on one; Joe Cherfee has done some work I 
16 on it, and q u i t e  a few o the r  people -- is w e  wanted a univer- I 
. - 
. 17 sal W u b e t e ~ r .  one instrument bought one t i m e  t h a t  could 
- I 
18 handle a l l '  s i z e  cells, and that's what we got. I 19 W e  had a six-month c o n t r - = t  with Rocketdyne which 
20 c a l l e d  f o r  the c a l i b r a t i o n  of the instrument a t  W d a x d ,  t h e  I1 
design and construct ion of t h e  instrument. 
1 would l i k e  i n  my f i r s t  s l i d e  t o  show you a com- 
b 
*. 
5 parison between a 6 and a 100 ampere hour cell,  and d i scuss  
1 
241 the design pzoblems confronting an instrument maker. 
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* 
I n  case some of you have forgot ten ,  a 6 ampere hour 
c e l l  only weighs 250 grams, and the  100 weighs almost 4,000 
grams, s o  the  f i r s t  problem t h a t  you have i s  one of geometry, 
thermal mass, and response. 
For ins tance ,  w e  might a n t i c i p a t e  t h a t  the 6 ampere 
. 
hour c e l l  would r a t e  one wa t t  where t h e  100 ampere hour c e l l  
-- w e  d i d n ' t  r e a l l y  know bu t  we speculated as high as 25 watts. 
Also, as you know, you have t o  br ing  leads  i n t s  and o u t  of the  
cell. This could cause two sources of e r r o r  i n  the coulometer;, 
2 ' One would be f R heat ing and the  o the r  would be conduction 
heating. 
Again as you a r e  aware, cells o p e r ~ t e  i n  a con- 
s t r a i n t  manner s o  t h a t  i f  a designer  were t o  opera te  a c e l l  
on a coLLaineter i n  the same m a k e r  i n  which he would operate  
one i n  a spacec ra f t  o r  on your l a b  bench, you would have some 
k ind 'o f  massive cons t ra in ing  p l a t e s ,  e spec ia l ly  on t h a t  100 
ampere hour cell. 
This would be extremely bad i n s o f a r  as it would 
* .  
slow down the thermal response of  the cell. 
A ~ S O ,  we wanted t h i s  ~6dameter t o  be capable of 
opera t ing  a t  minus 10 degrees Centigrade through t o  p lus  4C 
degrees C., have an accuracy and reproduceabi l i ty  of 1 percent ,  
and a response time of less than f ive minutes. 
A l l  these c r i t e r i a  were m e t  and i n  my next  s l i d e  
I'd l i k e  to  show you t h e  philosophy of design that m e t  t h i s .  
e-Federal Reporters, Inc. 
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(slkles .'lsg, 160. ) 
Thks is j u s t  a schematic and t h e  d e t a i l e d  drawing 
of the coulomet6rr. appears on t h a t  c h a r t  over there .  I t  is  s o  
involved t h a t  I th ink  the  schematic i s  a l l  t h a t  we can show. 
F i r s t  of a l l ,  w e  have ail ad iaba t i c  s h i e l d  which 
i so la te ;  the  instrument from t h e  environment. This, through . 
d i f f e r e n t i a l  thermocouples, maintains a temperature oqui l i -  
b r i m  of approximately 5/100ths of a degree Centigrade. 
Then w e  go in texna l  t o  the  calorimetry vesse l  
i t s e l f .  Now this is where the f i r s t  design criteria was m e t .  
This is a pressure  vesse l .  W e  f i l l e d  t h e  vesse l  
with.helium. H e l i u m  has  exce l l en t  therma.1 p roper t i e s  and 
el iminated t h e  need f o r  cons t ra in ing  po in t s  on t h e  cell. 
How would the  coulometcir.. operate? A l l  rig& i f  
you would l i k e  t o  look a t  a cell, you would p lace  it on a 
s i l v e r  platforxu ' i n  the c o & h e t & r  and i f  you'd l i k e  t o  inves- 
t i g a t e  it a t ,  say,  25 degrees C., t h a t  wou2.d be T-2 i n  t h i s  
equation on the l e f t .  
Then coming down f r o n  the s i l v e r  t r a y  you have a 
p a i r  of copper zods. They go dawn t o  a h e a t  s ink.  This hea t  
s ink  can contain many mater ia ls  b u t  f o r  t h e  purpose of t h i s  
discussion we used l i q u i d  nitrogen. That 's  TI. That i s  a 
f ixed  temperature. 
The next t h ing  t h a t  we have is X which is t h e  
conduct ivi ty  of the copper rod, & . t h o  cross-sec t ional  a rea ,  
a ca lcu la t ion  here t h a t  oays you need so many watts.  
t h e  wattage. I n  t h i s  case it would be 30 watts t o  
... 
,&dl 1 
2 
5 t h e  automatic hea te r  a t  t h e  top. There is  a thermis ter  c i r c u i t  
. I 6 the re  which senses t h e  temperature and keeps t h e  bridge i n  
and X, the  l e rg th .  . . 
NowA the f i r s t  th ing  t h a t  is done is t h a t  you go 
. . 
7 balance. I 8 Now mce equi l ibr ium is es tab l i shed  a t  t h a t  tempera 
ture you i n i t i a t e  your cell r eac t ion  and t h e  amount of hea t  
- 
a, that is l i b e r a t e d  o r  absor-ed by the  c e l l  during t h i s  r eac t ion  
4 is detec ted  by t h i s  therr,.:ster br idge and that quan t i ty  of hea t  
-g 
- 
121! is  e i t h e r  added or subt rac ted  to t h e  automatic hea te r ,  and t h i s  
.I 
. I 3 13 is a d i r e c t  measure of the r a t e  of r eac t ion  t h a t  takes  p lace  
i . -  i n  the  c e l l .  . i . 
I Now I'd l i k e  t o  po in t  o u t  some of t h e  unique fea ture!  
a 
of t h i s  design. 
- 
- 
a 
This is a c t u a l l y  two copper rods separated by a . 
t 
- 
ii. t h i n  mylar fi lm.   he^ serve  as your p o s i t i v e  and negat ive 
% 
19 terminals.  They are s i z e d  so that you have no I ~ R '  heat ing  I 20 even a t  100 -- w e l l ,  a t  50 amps was , t h e  requirement. 
Also, t h e  h e a t  conduction i s  working for you. 
one d i rec t ion .  It i s  from t h e  couloineter. t o  your hea t  s ink.  
, 
Addit ional ly  you'd say, w e l l ,  what happens i f  you 
wank t o  look a t  a 6 ampera hour cel l  on t h i s  same coulometer 
ins t ead  of a 1003 You would s h p l y  use a di.2ferent e u t e c t i c  
I 
mater ia l  hero. You'd use something l i k e  i c e  water. 
Ice water would then givo you T1 here. The amount 
of wattage t h a t  you'd need t o  maintain t h a t  equi l ibr ium condi- 
t i o n  a t  25 degrees C. would be, ins t ead  of 30 watts,-- I 
haven't  gone through the ca lcu la t ion  but  it would be consider- 
* 
ably l e s s ,  l i k e  5 watts. 
.' 
Also, something I would n o t  recommend but  another 
thing you could Zo, you could a d j u s t  the  s e n s i t i v i t y  by adjust-  
ing  the length of t h e  rod. 
There are a l o t  more d e t a i l s  on t h e  p ic tu re ,  on 
the pos te r  over t h e r e  which a r e  omitted from t h i s  drawing. 
For ins tanca ,  t h e r e  i s  a pressure  vesse l  which goes around t h e  
outs ide  which has cool ing c o i l s  s o  that your a d i a b a t i c  shiel t i  
is  always applying h e a t  t o  i s o l a t e  the 'system from t h e  environ- 
ment. 
There are o t h e r  th ings  to  take  ca re  of r a d i a t i v e  
hea t  losses .  The pressure  vesse l  is completely gold-plated. 
I n  addi t ion ,  the copper rod coming down is  protec ted  by severa l  
r ad ia t ion  sh ie lds  p lus  a vacuum chamber s o  t h a t  you don ' t  have 
hea t  losses  there.  
W e  have been usinq this coubometez?.- here  a t  Goddard 
i n  support  of the Houston program with Grumman. We've been 
looking a t  the 100 ampere hour cell. . . 
One of the f i r s t  th ings  we d id  w a s  Gruxunan fur- 
nished us  with a heater cell which was made by Eagle Picher  
. , 
, .  . 
" .  
:* . ' ' ,;.. 
. -, . . 
.'-" if.. . 
Corpcration which- It removed one pos i t ive  and two negative 
p l a t e s  and subs t i tu ted  an expanded nickel  mater ia l  i n  there. 
We used t h i s  cell  t o  measure the  
the cs lorime ter . 
Sl ide  o f f ,  pleasci. 
. 
. (s l ide '  l6L .I' . . 
And t h i s  is what w e  found. 
Now the re  i s  a ca l i b r a t i on  heater  i n  the  calorimetel 
located a t  the base of t h a t  s i l v e r  t ray.  This was used t o  
ca l i b r a t e  the instrument without a cell i n  t he r e  and w e  found 
that it m e t  the design c r i t e r i a  of less than 5 minutes. 
Now t lris  is what happens when you add a l a rge  
thermal mass, l i k e  a 100 ampere hour cell. You can see that  
it takes approximately 90 minutes f o r  90 percent  of your s i gna l  
t o  come out. Now this was done a t  25 degrees C., and a con- 
s t a n t  20 w a t t s  was pu t  i n  the cor)loxheter,. And then 100 percon1 
of your response requires  140 minutes. 
Next slide, please. . . 
(Sl ide.  '162. ). 
The next thing w e  d id  i u  we took a General Electric 
c e l l  i n  this case, a 100 ampere hour cell, and we subjected it 
t o  a near-earth o r b i t ,  a 90-minute orbit, 110 percent  recharge 
and 25 degrees C. What w e  were s e t t i n g  was t he  ?Pfect  of  
thermal output versurr depth of discharge. The percent recharge 
was fixed; #e temperature was fixed. It: was '10 percent,  15 

percent .  20 percent,  25, 35, and 45 percent.  
N o w  remember, t h i s  i s  a 30-minute o r b i t  s o  t h a t  
45 percent,  we're ta lk ing  about 90 amps. 
You w i l l  a l s o . n o t i c e  t h a t  t h e  curves are changing 
shape. This seems to  be following a tr-end s o  t h a t  you could 
pzre8ic.c possibly what was going t o  happen. Then at the  higher 
cur rent  r a t e  something e l s e  happened. 
, 
We ran a check of the instrument t o  make sure  it . 
wasn't instrument e r r o r  by uam; a copper ba r  across  t h e  output 
terminals and applying the same awun: cf cur ren t  and t h e r e  was 
no e r r o r  associated with t h a t  ammnt of cur rent .  
My next s l i d e .  
(Slide. ;162:) -: 
What I d.id was I p l o t t e d  what I cal l  ine f f i c i ency  
where I took the peak thermal output  versus the  in tag ra ted  
watt  hours during d ischarge  and you can see what is  happening. 
A t  a discharge r a t e  of 20 amps with 10 percenf depth of dis- 
charge, we're ta lk ing  about an ine f f i c i ehcy  vhich people t a l k  
about on OAO, about 15 percent .  , 
But as  your r a t e  goes up, your ine f f i c i ency  goes 
up and when wl-. g e t  up to  90 ampere hours, we're up a s  high as 
32 percent. Now t h i s  a c t u a l l y  2 would th ink  is almost common 
sense. It's a cur ren t  dens i ty  p r ~ b ? ~ e m  th6 :. we're. probably 
running i n t o  here. 
Another catrsideration, though, and t h a t  may be more 
Inc. 
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.important t o  a thermal engineer ,  would be what is t h e  average 
bay temperature, s o  I i n t e g r a t e d  the to ta l  h e a t  o u t  dur ing t h a t  
30-minute discharge,  p u t  that over t h e  e lec tA.ca1  wattage,  
and w e  end up with  a completely d i f f e r e n f  p i c tu re .  We're 
t a l k i n g  about a range from about 6 pcl sen t  to  a maximum of  19 
0 percent .  
Not being a thermal engineer ,  I d o n ' t  know which 
one of these f igurea  would be more s i g n i f i c a n t  and I don ' t  know 
i n  t h e  p a s t ,  when people r e f e r r e d  t o  t h e  thermal i n e f f i c i e n c y  
was t y p i c a l l y  15 percent ,  which t i g u r e  they were r e f e r r i n g  t o ,  
b u t  i t ' s  a d i s t i n c t i o n  you have t o  make.l .If .you ' rB. in te res ted  
i n  peak output ,  i t ' s  considerably d i f f e r e n t .  It 's a s  much as 
25 ps rcen t  higher.  
Next s l i d e ,  p lease .  
~ h e h  of  course ' e re ry ine  always says ,  W e l l ,  what 
happens durirrg overchargefu  and w e  thought we'd t a k e  ommore 
look a t  it, and it happens j u s t  the way everyme always says  
it does. 
What w e  have he re  is w e  have a continuous overcharg 
a t  var ious rates, C over  10,  C over  20, C over  40 and C over 
80,  and w e  f i n d  i n  each case  t h a t  once tho cell has  become 
f u l l y  charged and you've h i t  an equi l ibr ium condi t ion ,  your 
thermal energy and your e l e c t r i c a l  -- your t h e r m l  and your 
electri&al a r e  exac'.':. ths same; t h a t  is, you mul t ip ly  your 
, ,  
.. . .
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c u r r e n t  rate t i m e s  your c e l l  vo l t age  and you ' re  r i g h t  on. 
The l i t t l e  discrepancy he re  is probably due t o  the  
f a c t  t h a t  when w e  g e t  down i n  t h i s  range w e  should have changed 
t h e  s e n s i t i v i t y  of tlie co&lorheter. . We were up a t  t h e '  30 w a t t  
base l ine ;  w e  come down here ;  we're looking f o r  less than  two 
. 
watts o u t  of 30. 
Next s l i d e .  
# (S l ide  . 165.) 
This  i s  the las t  s l i d e .  This i s  looking a t  the 
thermal ou tpu t  as a func t ion  of t h e  pe rcen t  recharge.  Here 
we kep t  t h e  depth of d i scharge  cons tan t .  We k e p t  t h e  tempera- 
t u r e  cons tan t  and w e  p u t  i n  d i f f e r e n t  amounts o f  energy, 105, 
1 1 0 ,  115 percen t .  And you can see t h a t  there 2s d e f i n i t e l y  an 
inc rease  a l s o  w i th  t h e  pe rcen t  recharge,  b u t  t h e  o r d e r  of 
magnitude i s  much less than  t h a t  that  I had i n  t h e  f irst  s l i d e  
where we  were t a l k i n g  abou t  the e f f e c t  of t h e  d q t h  of d is- '  
charge, so it is a f a c t o r .  
Of  course ,  i f  we cont inue  to 'overcharge  t h e  cel l  
then it would become a very  predominant f a c t o r  b u t  w e  a r e  n o t  
i n  t h i s  p a r t i c u l a r  experiment; on ly  up t o  115 percen t .  
W e  have r i g h t  now- We've been running t h i s  i n s t r u -  
nent on a con t inua l  b a s i s  s i n c e  January. We have about 125 
pages he re  of  raw d a t a  t h a t  wetre reducing and w e  i n t end  t o  
come o u t  wi th  o u t  nex t  r e p o r t  b u t  t o  be h o n e s t , i t  w.i.11 probably 
50 sp r ing  before  it comes o u t ,  so if anyone is i n t e r e s t e d  i n  
HEAT - WATTS 
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~ b t a i n i n g  more information, we have it here and we j u s t  haven't  
had time t o  get it published ye t .  
' BSAURER: I have a quest ion t o  s t a r t  o f f ,  B i l l .  
I n  some of t h e  curveq t h a t  you showed it would ap- 
pctr  t h a t  the  time constant  of t h i s  system was something on the  
. 
w d e r  of an hour and y e t  you were showing hea t  flow da ta  t h a t  
Mas considerably l e s s  than an hour, l i k e  33 minutes. How do 
you know whether what you're measuring is cont ro l led  by the  
system o r  whether it is controll.ed by the  c e l l ?  
WEBSTCR: Your observat ion i s  correc t .  Ne cannot 
do anything about improving t h e  response of t h e  system s ince  
the thermal mass of t h e  c e l i  governs that. However, t h e  system 
I 
i s  an equilibrium system. I t  opera tes  a t  25 degrees C. ,  and 
on the  C over 2 discharge tc one v o l t  where w e  a re  going f o r  
a period of two hours, t h e  curve of our hea t  output follows 
exact ly  the  curve t h a t  w e  obta in  from a h e a t e r  c e l l .  
The cnly th ing  f could say regarding t h i s ,  and i t ' s  
probably not  r e a l l y  answcxing your quest ion,  i s  t h a t  i f  a t  the  
end of 30 n inutes  you were to go back t o  your c a l i b r a t i o n  curve 
and you'd see  this represents  some percentage of the t o t a l  out- 
put ,  maybe 60 percent ,  i f  you were t o  continue a t  t h i s '  r a t e  t o  
one v o l t  which would take naybe two hours o r  longer,  you would 
see t h a t  these  two values concur. 
So I don ' t  think t h e  instrument i s  inf luencing it 
and i t  is a va l id  c r i t i c i s m ,  though, t h a t  you're not  seeing a l l  
xe - Federal Reporten, Inc. 
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t h e  h e a t ,  b u t  i t  i s  due t o  t h e  mass of t h e  cell. 
GROSS: Sid  Gross, Booing. 
I've c a l c u l a t e d  t h e  thermal response of c e l l s ,  no t  
t h a t  one b u t  o t h e r s ,  q u i t e  l a r g e ,  approaching t h a t ,  and i t ' s  on 
t h e  o rde r  of fou r  o r  f i v e  minutes so t h e r e f o r e ,  t h e  one hour 
t i m e  response of your ins t rument  appears t o  be mostly due t o  
t h e  des ign  of  the ins t rument  and n o t  t h e  response of  t h e  cell. 
, It is p o s s i b l e  t o  c l o s e l y  approximate t h e  thermal 
response of the c e l l  with o t h e r  des ign  approaches. 
WEBSTGR: S i d ,  a ques t ion  on t h a t . '  What o r d e r  of 
wattage are you t a l k i n g  about and how did you run your ex- 
periment? 
GROSS: Thermal response is  c a l c ~ l a b l e  and i t ' s  
no t  a func t ion  of the h e a t  rate. It 's t h e  t i m e  requ i red  to 
approach one over  p i  on t h e  f i n a l  asyrnptot of t h e  r e s u l t .  
WEBSTER: And you th ink  a c e l l  of  this s i z e  has  a 
thermal response of  less than f i v e  minutes? 
GROSS: Well, I haven ' t  c a l c u l a t e d a t h a t  b u t  you 
could e a s i l y  c a l c u l a t e  it. , I t ' s  q u i t e  s t r a igh t fo rward .  
WEBSTER: What s i z e  c e l l  a r e  you t a l k i n g  about? 
GROSS: I ' v e  c a l c u l a t e d  it on a cel l  about  an inch  
and a q u a r t e r  th ick .  
WEBSTER: Tha t ' s  t h e  same thickness .  But what aboul 
t h e  rest of t h e  geometry? 
GROSS: Well, I t h ink  t h i s  dimension t u r n s  o u t  to bt 
.rederrl Reporbtt. Inc. 
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t h e  most important. 
WEDSTER: We're t a l k i n g  about 4,000 grams of weight 
here.  
GROSS: W e l l ,  t h e  thermal response is a func t ion  
of the thickness  squared and t h e  thermal d i f f u s i v i t y  and the 
conduct ivi ty ,  and you can do i4 Lairiy s t ra ight forward  by . - 
c a l c u l a t i o n  and g e t  a p r e t t y  c l o s e  es t imate  of what t h e  respons 
of t h e  cel l  is. 
O r  I suess  you can a c t u a l l y  run an experiment where 
you sepa ra t e  t h e  cel l  from t h e  cobloineter in .  *an experiment 
designed s p e c i f i c a l l y  t o  measure t h e  thermal reshonse of the  
ce l l  -- 
WEBSTER: Tha t ' s  r i g h t .  
GROSS: -- and t h a t  would confirm o r  g e t  a more 
accura te  value.  And I th ink  i f  you do t h i s  t h a t  you w i l l  be 
able. t o  i d e n t i f y  most of  your one hour t i m e  response a s  a 
b u i l t - i n  design f e a t u r e  of t h e  coulometer.. 
WEBSTER: I w i l l  c e r t a i n l y  look i n t o  t h i s .  I th ink  
it has been looked i n t o .  I w i l l  have t o  look back i n t o  t h e  
r epor t s .  The fe l low who diB t h i s  is  D r .  B i l l  Johnson, who is 
i n t e r n a t i o n a l l y  knowfi f o r  h i s  work i n  Cohlometrr; 
H e  d id  go through such a ca l cu la t ion .  I be l ieve  it 
appeared i n  the f i r s t  r e p o r t  concerning the  design of  t h e  
i n s t r u a e n t ,  and w e  have operated it without  t h e  cel l  i n  there 
and the response t i m e  has been less than s e v e r a l  minutes, and 
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w i t h  t h e  cell i n  t h e r e  then  t h e  response t i m e  has  gone up t o  
t h e  times ind ica t ed .  And t h e  s e rvo  loop f o r  t h e  coulometer 
has  a response t i m e  on t h o  o r d e r  of seconds,  so I d o n ' t  r e a l l y  
t h ink  -- 
GROSS: The c a l c u l a t i o n s  I 've made on t h i s  kind of  
t h ing ,  t h e  h e a t  t r a n s f e r  between the cel l  s u r f a c e  and t h e  
h e a t  s i n k  i s  the c r i t i c a l  s t ep .  
STEIMHAUER: Ste inhauer ,  Hughes. 
Bi11,your d a t a  i s  25 pe rcen t  a t  t h e  d i scharge  and 
I assume you are concent ra t ing  on t h a t  f o r  obvious reasons ,  
b u t  w i l l  you be gene ra t ing  o r  arc you i n  t h e  process  of  
genera t ing  d a t a  f o r  deeper  dep ths ,  namely geared a t  synchronous 
WEBSTER: Yes, i n  t h e  nea r  f u t u r e  h e r e  we ' re  going 
t o  be support ing the ATS and OSO p r o j e c t  he re  a t  Goddard, and 
t h e  ATS is a synchronous o r b i t  program. W ~ ? i l  be looking a t  
1 5  ampere hour cells,  SO pe rcen t  depth  of d i s cha rge ,  and 
va r ious  o t h e r  dep ths  of d i scharge ,  and ' suppor t ing  a l s o  t h e  SIIS 
program here  a t  Goddard. 
I might a l s o  mention t h a t  t h i s  ins t rument  i s  a v a i l -  
able f o r  uses by p r i v a t e  i n d u s t r y  i n s o f a r  a s  r eques t ing  u s  
t o  run  some cells f o r  you i n  it. And sometimes w e  might n o t  
be a b l e  t o  accommodate t h i s  by schedule and w e  might be a b l e  
t o  t a k e  a c e l l  which we have i n  t h e r e ,  l i k e  f o r  i n s t a n c e  t h o  
I 
15 f o r  ATS, and approximate your regime whi le  w e  have t h a t  
b '  , . .  . , , 
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cell i n  t he re .  
ElAIJPER: Our nex t  speaker  i s  Joseph Yuen who w i l l  
t a l k  about con t ro l l ed  b a t t e r y  temtierature i n  s a t e l l i t e s  wi th  
0 '  
1 ' 
IC. 
Serlon and Berlox* 
WEN: We a l l  have heard about b a t t e r i e s .  Since 
Ire are t h e  space satel l i te  b a t t e r y  u s e r ,  I'm going t o  g ive  you 
some information and r e s u l t s  from t h e  b a t t e r y  t h a t  i s  now on 
the s a t e l l i t e  i n  o r b i t .  
Most of our  b a t t e r y  packs are 918 F s i z e  poly- 
propylene t r i p l e - s e a l e d  cells. The s i z e  of  t h e  pack i s  
roughly 5-1/2 inches  by 7-1/2 i nches  i n  diameter  and weighs 
3bout 15 -- 11-1/2 pounds. 
A l l  c e l l s  are supported by an echo form mode and 
in t h e  e a r l y  p a r t  of  ou r  program w e  p u t  t h i s  mode wi th  t h e  . 
m t t e r y  pack i n s i d e  of a sealed con ta ine r .  I n  t h e  l a s t  two 
Launches we have witnessed a rise i n  b a t t e r y  temperature and 
t h i s  i s  t h  conf igura t ion  of our  b a t t e r y  pack. 
(S l ide  166.) 
Here i s  t h e  b a t t e r y  pack, t h e  F cells i n s i d e  wi th  
the nylon i n s u l a t o r  and t h i s  whole pack i s  i n s i d e  a s e a l e d  
i 
~ o n t a i n e r .  And w e  monitored t h e  b a t t e r y  pack wi th  a tempera- 
tu re  s enso r  t h a t  was bur ied  i n s i d e  of  t h e  echo form. A t  t h a t  
time we d i d  no t  monitor t h e  temperature on tho  cel l  i t se l f .  
So a yea r  ago o u r  b a t t e r y  pack witnessed a high 
temperature on the payload. We were no t  a b l e  t o  command t h e  
~ 
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TI4 on so we're guessing t h e  temperature is  a l i t t l e  b i t  high. 
So on. .our* l a s t  launch,  s o l a r  F-10 which launched 
from Wallops I s l and  i n  J u l y  of t h i s  year ,  f o u r  months ago, 
h o t  so w e  used another  method of  t r y i n g  
away from t h e  b a t t e r y  pack. 
w e  f e e l  t h a t  t h e  b a t t e r y  p r o b l e w -  The b a t t e r y  was kind of 
I 
t o  conduct t h e  h e a t  
We are a l s o  monitoring t h e  teinperature on t h e  cells 
on top  of t h e  cells. On t h e  b a t t e r y  pack we have t w o  r i n g s  
of cells,  an i n n e r  r i n g  and an o u t e r  r i ng .  H e  also monitored 
t h e  c e l l s ,  each cel l  on t h e  i n n e r  r i n g  and t h e  o u t e r  r ing .  
The battery pack is a l s o  supported t h e  same way 
with echo form b u t  we add an aluminum p l a t e  underneath wi th  
t h e  nylon.' s epa ra to r s .  But w e  also did  away w i t h  t h e  cover -- 
I mean t h e  hermet ic  s e a l  cover because w e  feel 'chat the cells 
themselves a r e  hermet ica l ly  s e a l e d  so why launch t h e  b a t t e r y  
pack 'wi th  a seaied cover? 
So i n s t e a d  of i n s u l a t i n g  it wi th  t h e  nylon used 
a Berlon -- Berlox d i s k ,  which i s  a ceramic d i s k ,  bery l l ium 
oxide f i l l e d  ceramic, and t h e  g l u e  t h e  ceramic on to  t h e  bottom 
of t h e  c e l l  and a l s o  on to  an aluminum s u b s t r a t e .  W e  glued it 
with  be ry l l i um- f i l l ed  oxide RTV Berlon. They ca l l  it Berlon. 
These two items are made by Nat iona l  Beryllium Oxide up i n  
Baske l l ,  liew Jersey .  
We've g o t  temperature from t h e  payload now, so 
i t ' s  a ve iy  cornfortablo temperature.  
Inc. 
25 
(Sl ide 167.) , 
A t 6 2  percent  sun the  b a t t e r y  pack ranged from 2 1  
t o  24 degrees C.; a t  63, from 25  t o  28; a t  90 percent  sun i t ' s  
34 t o  36. And I j u s t  go t  word from the  o f f i c e  a while ago 
t h a t  t h i s  payload now is i n  100 percent  sun and the  b a t t e r y  
has only gone up a s  high as 38 degrees 2. . . 
The rest of t h e  payload is p r e t t y  cool.  
I think t h e  b a t t e r y  pack sits on a suppert  tube 
t h a t  mainly supports t h e  rest of the e l e c t r o n i c s  i n  the  pay- 
load and t h e  support  tube is a l s o  mounted t o  a th ick  p l a t e  of 
honeycomb, and t h a t ' s  what the  e l e c t r o n i c s  are on. Juid t h e  
honeycomb p l a t e  is  only seeing about 21 o r  26 degrees C. And 
t!~is  nethod w e  used t o  ca r ry  hea t  away shows very good results. ,  
Now I would a l s o  like t o  mention something about 
t h e  rectangular  c e l l s .  This was on the  round c e l l s .  
On the rec tangular  cells I have now worked ou t  a 
method using annodized shim t o  go between each c e l l .  As we 
a l l  know, hard c o a t  annodized aluminum is a good i n s u l a t o r  bu t  
it is  a l s o  a good thermal c a r r i e r .  So i n  between c e l l s  we have 
a t h i n  f i lm of annodized shim and w e  clamp them t h i s  way. We 
have t o  clamp them anyway so w e  might a s  w e l l  clamp them and 
carry heat down t o  another h e a t  sink p l a t e  and it w i l l  be 
mounted i n t o  our honeyconb s u b s t r a t e  by t h a t  method t o  ca r ry  
heat away. 
(Sl ide ' 168,169.) 
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On t h e  s i d e  of t h e  ce l l  w e  w i l l  a l s o  claq? it t o  
. .. . - -  - .  
another  annodized shim to c a r r y  h e a t  away f u r t h e r .  Ne f e e l  
t h a t  t h i s  method of c o n t r o l l i n g  t h e  temperature i n  t h e  b a t t e r y  
i n  t h e  payload has been q u i t e  succes s fu l .  This  is t h e  method 
we haye hoped to  c a r r y  on. 
Tha t ' s  a l l .  
Any ques t ions?  
GROSS: Sid Gross, Boeing. 
I d i d n ' t  understand how you g e t  t h e  h e a t  o u t  from 
t h e  ben t  shim to  t h e  bottom. Is it bonded on? 
WEN: The ben t  shim is  t h i s  one r i g h t  he re ,  
a c t u a l l y ,  and t h i s  i s . a n o t h e r - -  You have another  h e a t  p l a t e  
which i s  r i g h t  underneath t h e  b e n t  shim. 
GROSS: The two are bonded then? 
YUEN: This  i s  a l s o  bo l t ed  t o  another  b i g  p l a t e  
t h a t  i s  also a support  p l a t e  of  t h e  payload. 
GROSS:  his shim then  i s  bo l t ed  t o  something u.ndex 
neath  i t ?  
YUEN: Right. 
GROSS: On the o u t s i d e ,  on t h e  o u t s i d e  f lange?  
YUEN: No, no. These f l ange  are t h e  b o l t i n g  f l ange  
and alsb hold t h e  cel l  down to  t h e  p l a t e .  
GROSS: Okay. 
One comment on t h e  use  of annodizing aluminum -- 
annodized aluminum f o r  an i n s u l a t o r .  This  is  kind of  an i f f y  

;*cc - Federal Reporters, Inc. 
- .  
2 5 
! 
R 
th ing  sometimes and it might warrant  loaking i n t o .  It is hard 
t o  depend on c a n s i s t e n t  p r o t e c t i o n  a t  b a t t e r y  vo l tages .  
YUEN: W e  p l a n  t o  use  &two-terminal  c e l l  and s o  
I f i g u r e  the vo l t age  between the c a s e  and t h e  i n s i d e  won't 
be too  g r e a t .  
GROSS: As I r e c a l l ,  t h e  annodizing f i l m s  break 
down around 15 v o l t s .  
YUEN: But I ' m  q u i t e  s u r e  y o u ' l l  have about maybe 
a t e n t h  of a v o l t  i n  between. 
GROSS: I guess  it would be worth 'looking int.0. 
Sometimes you can get a whole b a t t e r y  vo l t age  a c r o s s  the 
i n s u l a t o r  i n  c e r t a i n  f a i l u r e  modes. 
f i iURER: The h ighes t  p l a t e  ~ o l t a g e  in? . the .  cel l  w i l l  
s i t t i n g  between t h e  cell ca se ,  i n s i d e  t h e  cell  ca se  and t h e  
case  i n  con tac t  through t h i s  a h i n i z e d  p l a t e  t o  t h e  ground? 
YUEN: Y e s ,  b u t  w e  also have i n s u l a t i o n  i n s i d e  t h e  
cell. 
MAURER: But t h a t ' s  i n  c o n t a c t  wi th  the  e l e c t r o -  
l y t e  so-- I n s u l a t i o n  i n s i d e  t h e  cell  can w i l l  be i n  c o n t a c t  
with e l e c t r o l y t e  and t h a t  can only  s t and  1.2 v o l t s  p e r  cell  
u n t i l  you g e t  hydrogen. 
CARR: E a r l  Carr , ,Eagle Picher.  
It seems t o  m e  t h a t  probably t h e  s p a c e c r a f t  i s  
grounded s o  t h a t  whenever you have a series s t r i n g ~ o f ~ ~ c e l l s  
you have b u i l t  up a p o t e n t i a l  and you've g o t  vo l t age  t o  t h a t  
t Federal ~eporters, Inc. 
case through the  e l e c t r o l y t e  path and you can have a breakdown 
of e l e c t r o l y t e  ,and t h a t  i s  a s i n g l e  po in t  f a i l u r e .  
YUCN: We have measured hard core annodized. Hard 
core annodized they claim i s  roughly about 3 m i l s .  t h i ck  and 
I used an ohmmeter with two s c r i b e s  i n  my hand and I couldn ' t  
even break through t o  read any kind of a r e s i s t ance .  . 
STROUP: Gene Stroup from Goddard. 
Joe, it seems t o  m e  I r e c a l l  reading some repor t s  
from TRW Systems regarding an attempt t o  annodize on t h e  OGO 
ba t t e ry ,  I bel ieve  it was. 
Would anybody from TRW l i k e  'to address t h e  subject 
of your annodizing on t h a t  p a r t i c u l a r  p ro jec t?  
I don ' t  know what t h e  annodiziny-- I don ' t  know 
how you d id  t h a t  &r what the thFckness of it was. That might 
c l a r i f y  t h i s  po in t  t h a t  Joe has brought up. 
SCOTT: S c o t t  from TRW. 
Since you've p u t  m e  on t h e  spo t ,  Gene, I have t o  
say something, -- 
(Laughter. ) . . 
-- and t h a t  something i s  t h a t  I wasn't around when that was 
going on,  
(Laughter. ) 
But I ' l l  say one o t h e r  th ing  and t h a t  is  t h a t  I 
concur w i t h  the  people who a r e  concerned with t h e  high vol tage  
ava i l ab le  a t  t h e  p o s i t i v e  end of a m u l t i c e l l  s e r i e s  s t r i n g  
& u 
ab27 - b a t t e r y  and a l s o  t h e r e  i s  ancrkher potential problem and t h a t  B 
i 
2 i s  du r ing  ground handl ing or i f  you have any -- e s p e c i a l l y  i f  II I 
you have any e l e c t r o l y t e  leakage -- p e r i s h  t h e  thought -- you I 
can g e t  h igh conduc t iv i ty  through t h e  pores of some of t hese  
But I d o n ' t  remember anything-- 1 don' t have any I 
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annodizod f i l m s .  That  w i l l  be an a c c e l e r a t e d  p o i n t  of break- [ 
down of  t h e  annodizing and you can r e a l l y  have problems. 
! . I 
knowledge of what t h e  skory was on t h e  OGO program, Gene. 
Sorry.  
STROUP: One o t h e r  t h i n g  on t h a t .  TRW d i d  u s e  
a f i b e r g l a s s  sort o f  i n s u l a t i n g  material between t h e  annodized 
s t r u c t u r e  and the cel l ,  t h e  annodized h e a t  t r a n s p o r t '  f i n  and 
I 
the cell .  , It  seems to  me-- I d i d  n o t  measure t h e  depth of 
the annodizing itself b u t  it seems t o  m e  that it was th inne r ,  
much th inne r  t han  what you descr ibed ,  Joe ,  and it might be 
worth looking i n t o .  
I b e l i e v e  I may have some of t h e s e  i n  t h e  lab. 
YUEN: Y e s ,  b u t  when you ' re  u s i n g  a f i b&las s  
i n s u l a t i n g  you ' re  d e f e a t i n g  t h e  purpose of  t h a t  annodized 
can ca r ry ing  thermal conduc t iv i ty .  
STROUP: Yes, b u t  I understand it  was necessary i n  
t h i s  p a r t i c u l a r  case. 
blAURER: One more ques t ion  be fo re  w e  go on t o  t h e  
next,, snd cafZao a f t e r  that. 
GASTON: Gaston, Grumman. 
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I have a comment. On the  OAO b a t t e r i e s  w e  have 
c e r t a i 3  s i m i l a r i t i e s  t o  your packaging and c e r t a i n  d i f ferences .  
We do have a hard coa t  annodized hea t  f i n ,  L-shapsd, bu t  before 
we take the  ce l l -  w e  wrap it i n  a l aye r  of Kapton, about one 
: n f ~  Kapton t o  i n s u l a t e  it. Then w e  embed it i n  a Dow Corning pc 
t i n g  inater ial  to smooth the surface  of the  cell s o  we g e t  a 
good thermal contact .  
So we do have more than one insu la t ion .  We do 
have the  hard coa t  that" an i n s u l a t i o n  and w e  do have the 
Rapton and add i t iona l ly ,  w e  have the  Dow Corning pot t ing.  
And a t  t h e  bottom of the L shape t h a t  i s  mounted 
d i r e c t l y  aga ins t  a h e a t  s ink ,  again we have an i n s u l a t i o n  the re  
I think it i s  a l s o  Dow Corning, where it is mounted aga ins t  
the hea t  s k k .  
So you have various numbers of i n s u l a t i o n  and 
add i t iona l  electrical leakage path protect ion.  
YUEN: One more th ing  I fo rgo t  t o  mention. 
(S l ide  169.) 
Besides t h e  annodized we were a l s o  a n t i c i p a t i n g  
a s u f a c e  that trould be not  f l a t  s o  we  were a l s o  going t o  
use some of these  i n  between s o  t h a t  w i l l  probably s t i l l  fu r the  
ca r ry  the  hea t  away and take ca re  of any voids t h a t  t h e r e  
is. 
IAURER: One more quest ion from Steinhauer.  
STEINHAUCR: Steinhauer,  Hughes. 
i Ace - Federal Reporters, Inc. 
-I . 25 
3 
Without t e l l i n g  tales ou t  of school,  I do rocomend 
t h a t  you look ca re fu l ly  i n t o  i n s u l a t i n g  of c e l l s  e l e c t r i c a l l y .  
One o the r  p o s s i b i l i t y  is  i f  a c e l l  case does g e t  
grounded, what i s  t h e  p o t e n t i a l  of t h a t  case with r e spec t  t o  
t h e  e lec t rodes  i n  t h a t  c e l l  and what type of gases could be 
generated; 
. 
MAURER: The next  presenta t ion  w i l l  be by Dan ' .  
Lehrfeld,  whom Steve Gaston had mentioned would t e l l  us about 
t h e  thermal design of t h e  Grumman 100  ampere hour battery. 
LEMRFELD: I have requested some t i m e  i n  t h i s  
sess ion  t o  provide some add i t iona l  background information on 
a sub jec t  t h a t  Steve Gaston f i r s t  introduced yesterday,  and 
that i s  t h e  work we've been doing a t  Grwnman on t h e  design 
of a 4-cell module f o r  a manned o r b i t a l  space s t a t i o n .  
1'11 present  some of t h i s  add i t iona l  material and 
then perhaps i f '  t he re  a r e  any ques t ions ,  even l e l t  over from 
yesterday o r  t h a t  nay a r i s e  today, I ' l l  be happy t o  answer 
them. 
Basical ly  the  goal  of our work a t  Grumman is t o  
design a 4-cell  module which can be a bui lding block t o  a 
space power system f o r  a 25-kilowatt manned o r b i t a l  space 
s t a t ion .  I have some notes  here t h a t  perhaps I could p r o j e c t  
on t h e  screen. I t  might he lp  f a m i l i a r i z e  some of you with 
the manned space s t a t i o n  program i f  you a r e  not  a l ready s o  
fami l ia r .  
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Theaspace s t a t i o n  program being s tudied  f o r  NASA 
by EicDonnell Douglas and North American-Rockwoll considers  a 
manned system with an average power l e v e l  of 25 k i lowat ts .  
What t h i s  means t o  t h e  b a t t e r y  system and t o  backtrack, the 
. . power system f o r  t h i s  s t a t i o n  i s  foreseen as a s o l a r  c e l l  
nickel-cadmium b a t t e r y  system. 
A t y p i c a l  b a t t e r y  system would co:xiist of 148 of 
our 4-cel l  modules o r  672 c e l l s .  This corresponds t o  an 
averagc 30 percent  depth of discharge i n  o r b i t .  
To g ive  you some f e e l  f o r  t h e  s i z e  of the system, 
that nunber of 100 ampere hour cells weighs approximately th ree  
tons and we're t a lk ing  about a t o t a l  module weight of on the  
order  of four  tons,  allowing about 35 percent  f o r  packaging. 
The b a t t e r y  vol tages  i n  t h e  system and the  ac tua l  
system configurat ion v a r i e s  with the  study. The d i f f e r e n t  
cont rac tors  a r e  lcoking a t  many d i f f e r e n t  systems. Typically 
we have seen systems described a s  21-module b a t t e r i e s ,  e i g h t  
such b a t t e r i e s  comprising the t o t a l  system, o r  28-module ' 
batteries, these  modules s t rung i n  s e r i e s ,  s i x  such b a t t e r i e s  
comprising t h a t  p a r t i c u l a r  system. 
So you can s e e  t h a t  we're t a l k i n g  about a f a i r l y  
l a r g e  number of c e l l s  and the  b a t t e r y  system does represent  a 
s i g n i f i c a n t  p a r t  of t h e  over-al l  space s t a t i o n  program. 
(Sl ide .  : 171. ) 
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MANNED SPACE Si'ATION PFOGRAM 
POWER LEVEL: 25 KW (average) 
i 
P O n R  S Y m :  Solar a r r a y / ~ i - ~ d  batte y r 
BATTERY S Y ~ :  168 -4 c e l l  modules (672 100 AH ce l l r )  
(bared on 30% average DOD, 94 mln. o rb i t )  
BATTERY WEIGHTS: 672 ce l l s  (8 8.5 lbs./cell) 3 tono 
168 modules (@ 33% packaging wgt. ) 4 tons  
MlTERY SYmm 
CONFIGURATIONS: Vary with elect:tr*1 ;.a7? eystm concept 
TYPICAL CONCQTS: a )  8-21 mdule bat ter ies  i n  paral le l  
b) 6-28 mdule bat ter ies  i n  paral le l  
Figure 170 
100 A.H. MDDULE DESIGN W-S 
-
0 peia to 100 psig internal c e l l  preesurer 
-type vehicle launch loads 
4-100 AH Ni-Cd ce l l s  connected i n  ser ies  
12 to 50$ orb i ta l  DOD 
Case to case (and case to ground) electr ical  ieolation 
,I 
Module ramoval (and installation) withoat breaking 
coolant l iner  
Target Weight: 45 pound8 
Heat mmval  via a circ\ilating water cooling loop 
32 to 59~ i n l e t  water tsmpemtum O 30 lb/hr. ilov 
amte 
0 t o  14.7 pria amparfaant prerrurer 
0 ta b gmvitationrl f i e ld  
Allowable ce l l  (care) teapornturn rnnge 32 to 68'~ 
(0 to mOc) 
Wnimlre c e l l  to ce l l  tamperatun grrdientr 
Figure 171 
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This next  page w i l l  o u t l i n e  some of the  requirements 
t h a t  have been 'defined f o r  us  i n  the  design of t h i s  module. 
Mechanically we've designed it f o r  i n t e r n a l  c e l l  
pressures  ranging from zero p s i a  up t o  100 ps ig  and addi- 
t i a n a l l y  we've designed f o r  t h e  type of launch loads you would 
0 
expect from a Saturn-type vehicle .  
E l e c t r i c a l l y  w e  have four  100 ampere hour s i zed  
c e l i s  connected i n  series. Our o r b i t a l  regime v a r i e s  from 
1 2  t o  50 percent  depth of  discharge over a 94-minute o r b i t .  
Addit ional ly ,  w e  must provide case-to-case i so la -  
t i o n  and case-to-ground i s o l a t i o n  wi th in  t h e  module. 
We also have mainta inabi l i ty  and human f a c t o r s  
considerat ions because each of these  modules i s  replaceable i n  
o r b i t .  The e n t i r e  b a t t e r y  system .civer t h e  l i f e  of the  space 
s t a t i o n  system w i l l  proSably be replaced many times. That i s  
t h e  reason f o r  packaging t h i s  f o a r  cells a s  the  bas ic  un i t .  
Wo requirements which we thought: of pu t t ing  down 
here j u s t  o f f  the  top  of our heads were t h e  t a r g e t  weight i n  
our program which i s  approximately 45 pounds, and t h a t ' s  come 
out  of human f a c t o r  s t u d i e s  which have been done which have 
shown t h a t  t h a t ' s  approximately t h e  maximum weight t h a +  an 
as t ronaut  i n  o r b i t  should be required t o  handle. 
Additionally,  we j u s t  design our module to  mount 
with a cooling system and t o  be removable without breaking any 
f l u i d  l i n e s  i n  that system. 
Wetrl Repoctm, Inc. 
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Some of the thermal requirements that we have to 
contend with are we are designing for heat removal via a 
circulating water system. There is a water system aboard the 
space station in the baseline studies through which all elec- 
b 
trical equipment dissipates its excess heat. 
. 
We are designing for a range of ihlet coolant 
temperatures from 32 up to 55 degrees F. at a flow rate of 30 
. . 
pounds per hour available per module. 
Additional requirements are that the modules bb 
mounted in crew-habitable compartments which can be up to 
14.7 psia environment or during a depressurized operation could 
be zero. And the gravitational field in the space station can 
be either zero G or up to one G. s , . . . 
The requirementson our cells are that the package 
must maintain cell temperatures no higher than 68 degrees F. 
or 20 degrees C. while the package is exposed to the maximum 
environment. Our minimum temperature is 32 degrees F. although 
in the space. station that requirement is automatically met. 
What f have down there is cell case temperature. 
When we speak of cell temperature we refer to the temperature 
on the cell case; that's our reference temperature. 
Additionally, because we have four cells packaged 
and we have a moving coolant system picking UQ the heat that 
we're rejecting, there will be some variation in temperature 
from cell to cell, and we've tried to minimize that variation 
. :. .. 
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so t h a t  the  four  c e l l s  a r e  a s  nearly isothermal a s  possible .  
(Sl ide 89. )  
I have a Vu-graph which w e ' l l  pu t  on now t h a t  shows 
the  100 ampere hour module t h a t  we've constructed f o r  engineer- 
ing  evaluat ion t e s t s .  The p i c t u r e  was taken during fabrica-  
0 
t i on ;  i t ' s  no t  complete bu t  I think it can i l l u s t r a t e  t h e  
design t o  you. 
W e  c a l l  t h i s  t h e  flat-pack design. I should back- 
t r ack  t o  say t h a t  i n  our s t u d i e s  w e  have considered many d i f -  
f e r e n t  geometric arrangements and we've looked a t  a l t e r n a t e  
p o s s i b i l i t i e s  i n  packaging the  module. However, We thermal 
requirements a r e  p r e t t y  s t i f f ;  t h a t  is, we've g o t  t o  maintain 
the  maximum cell  case temperature a t  68 degrees with n coolant  
i n l e t  temperature of 55, s o  we've only g a t  a t o t a l  thermal 
gradient  of 13 degrees allowable. 
S& .one of the Are t r a d i t i o n a l  packaging methods 
t h a t  we've looke? a t  such a s  packing c e l l s  broad s i d e  t o  broad 
s i d e  with the rna l  conduction f i n s  i n  between and channeling 
hea t  down t o  a base p l a t e  -- we've looked a t  those but those 
r e su l t ed  i n  very l a r g e ,  massive thermal conduction p l a t e s  be- 
cause of the s i z e  of the  c e l l .  
We're t a lk ing  about a 1arge.amount of h e a t  and t h e  
height  of the cell being approximately 7-1/2 inches high, t h a t  
hea t  has a long d i s t ance  t o  t r a v e l  t o  a t i rp ica l  -base p l a t e  .. ..- 
nounting system. That would r e s u l t  i n  a very l a r g e  g rad ien t  
2r 
'Ace -Fedeta1 -tars, Inc 
2: 
over the  face  of the  c e l l  and t o  counteract  t h a t  you would 
require  very massive p l a t e s .  
The design t h a t  we've come up with here is  l i g h t e r  
i n  weight. I t  meets the  requirements. It  comes very c lose  t o  
our gohls,  and we th ink  it's a very simple package because it 
is easy t o  fabr!.tate; it doesn ' t  requi re  i n t e r n a l  hea t  pipes  
which is  one of the  th ings  we  d i d  consider i n  our program bu t  
the f a c t  t h a t  w e  do n o t  r equ i re  them w e  think is a p lus  f o r  
t h i s  design. 
To descr ibe  it f o r  you, w e  have the four  ce1l.s end 
to-end, r e s u l t i n g  i n  a very long, narrow package. The hea t  
d iss ipa ted  within t h e  c e l l s  pr imar i ly  comes o u t  the  broad face 
of the c e l l s  across  an i n t e r f a c e  which c o n s i s t s  of Kapton 
tape and capsula te  ma te r i a l ,  a hard anodized coat ing,  t o  the 
side wal ls  of the module. 
, It is conducted down the s i d e  wa l l s  t o  the  mountir 
flange. This is  the  mounting f lange,  one on each s i d e  of the 
package. The hea t  i s  channeled t o  t h i s  mounting flange. I t ' s  
r e j ec ted  through a bol ted  i n t e r f a c e  t o  a cold rail. 
This cold r a i l  t y p i c a l l y  would be a long aluminum 
ext rus ion  which provides a passage f o r  a flow of coolant  past: 
the module and it a l s o  provides s t r u c t u r a l  support  f o r  the  
. " 
module i n  a typ ica l  system. 
The ccmnister i t s e l f  is  made o u t  of 6061 T-6 
aluminum. This s i d e  plate you see hero,  30 inches by 
. 
approximately 8 inches,  is  one i n t e g r a l  piece of alumi~nm 
t h a t  has been machined out.  These a r e  s t i f f e n i n g  r i b s  required 
t o  cons t ra in  tho cell pressures  t h a t  we're designing fox. 
The module mounts t o  t h i s  cold r a i l  v i a  capt ive  
hardware which i s  not  shown i n  t h i s  drawing, ar~d t h i s  is e a r l y  
. 
i n  i t s  fabr ica t ion .  The capt ive  hardwarc c o n s i s t s  of b o l t s  
which would be i n s t a l l e d  here.  They move with the  module anc? 
they s implify the  ease  of i n s t a l l a t i e n  of the  module i n '  t h a t  
the  module j u s t  has t o  be s l ipped i n  between the  two cold r a i l s  
and a normal P h i l l i p ' s  head type screwdriosr used t o  f a s t e n  
the  module t o  the cold r a i l s .  
W e  use a s i l i c o n  grease i n t e r f a c e  ma te r i a l  between 
the cold. =a i l  arid m~du1.e t o  enhance %he f i lm performance of 
the i n t e r f a c e ,  
What's shown-- S t r u c t u r a l l y ,  l e t  me say t h i s :  
We provide- .Our b a s i c  cann i s t e r  provides f o r  
containment of the cell on f i v e  s ides .  This top cover vrhich i s  
i n s t a l l e d  l a s t  i s  bol ted down and cons t ra ins  t h e  s i x t h  side, s o  
w e  do cons t ra in  a l l  s i x  sides i n  our design. 
I t  i s  hard t o  s e e  i n  t h i s  p i c t u r e  but each of the 
c e l l s  i s  i n  an indiv idual  compartment. There is  a base p l a t e .  
There a r e  end p l a t e s ,  and tlaexe a r e  cross  p ieces  separa t ing  
these i n t o  four separa te  compartments. 
What is shown here are t abs  which are welded t o  the 
s i d e  p la te s .  They s + r u s t u r a l l y  connect these  c ross  p ieces  t o  
/, 
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t he  s i d e  p l a t e  making it 8 one-piece, r i g i d  construct ion.  
To speak j u s t  about *e f ab r i ca t ion  techniques,  
the  way the  module is b u i l t  up is a f t e r  assembly of t h i s  bas ic  
cannis te r ,  we  would take a premeasured amount of p o t t i n g  
mater ial .  W e  d i d  study various po t t ing  mater ials .  W e  s e l e c t c  
one which has very good hea t  t r a n s f e r  proper t ies .  It has a K 
of 0.5 b tu  pc.r hour per foo t ,  and very low v i s c o s i t y  which 
was important, as 1'11 g e t  i n t o  l a t e r .  
W e  would mcasure c u t  predetermined volumes of t h i s  
pot t ing material. A f t e r  it is catalyzed w e  would pour it i n t o  
the bottom of each one of these  cannis te rs .  The cell would 
then be taken-- The cell  i s  pot ted with an i n t e r n a l  vacuum 
i n  t ? e  c e l l .  It would be taken and placcd down i n t o  t h e  canni 
t e r  t o  sit  on top  of t h a t  layer .  Then it would be allowed t o  
sink under i ts  own weight, allowing the  po t t ing  t o  r i s e  around 
a l l  four  edges of the  cell. 
Then w e  apply pressure  t o  the  top of the  c e l l  u n t i  
it is  f u l l y  seated.  By t h a t  t i m e  t he  po t t ing  w i l l  have flowed 
up a l l  around t h e  c e l l  and we guarantee t h a t  we a r e  encapsu- 
l a t i n g  the  e n t i r e  cell. 
The f i n a l  s t e p  a f t e r  t h a t  po t t ing  hardens,we would 
top po t  and then i n s t a l l  t he  covex. 
Let me j u s t  mention, the  c e l l s  t h a t  a r e  shown here 
arc the hea ter  c e l l s  which were constructed for us by Eagle 
Pichcr. That's these  two e x t r a  s e t  of terminals  you see  here. 
24 
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Those are the terminals by which we energize that heater cell. 
(Sl4de . 172.)  I 
This Vu-graph just summarizes the status of our 
program, where we've actually gone to. 
. . We've designed, fabricated. We've assembled an 
engineering test module w i t h  four actual cells. We've selected 
I 
our configuration which is the flat pack; it has been optimized 
We do feel it is the optimal consideration based on weight, 
thermal performance, maintainability, and the structural re- 
quirements. 
We have run an engineering evaLuation program of 
boL\ thermal tests to demonstrate the design the proof pressure 
tests. These have been completed and the module has performed 
our 
A few peop 
expectations. 
S4AURER: Thank you. 
I think in order to keep within our time frame -- 
lie have flights to catch earlier -- or later, rather, 
in the afternoon -- let's not have questions now. In fact, 
let's have coffee -- 
(Laughter. ) 
-- and perhaps the thermal discussion can go on in small 
groups. 
(Recess. ) 
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MAURER: We've f i n a l l y  made it t o  the  s t a r  a t t rnc -  
ion of the ses8sion, the  pre-charge session. And the  f i r s t  
peaker w i l l  be D r .  Font from SRFT, who w i l l  speak on a study 
€ d i f f e r e n t  pre-charge l e v e l s  i n  20 ampere hour c e l l s .  
FONT: I w i l l  t r y  t o  present  to.you,some r e s u l t s  on 
. I  
.. . he pre-charge study performed on. t h e  20' ampere hour . - .. .- 
2 1 1 s  under a cont rac t  program o r  con t rac t  study. 
I n  the  preliminary study we have determined t h a t  . 
Pter formation cycles  on t h e  p l a t e s ,  cadmium remains on t h e  
Lates and t h i s  has been determined by chemical a n a l y s i s  t o  
3 from four  t o  seven ampere hours on our  20 ampere hour c e l l s .  
# 
I have to  state t h a t  we  have negat ive t o  p o s i t i v e  
a t ios  i n  these c e l l s ,  t h e o r e t i c a l  r a t i o ,  t h e o r e t i c a l  capaci- 
i e s  of 2.0 which is  r e a l  c a p a c i t i e s  are about 1.7. 
W e  have perfvvmed t h ree  d i f f e r e n t  l e v e l s  of pre- 
harge i n  th ree  d i f f e r e n t  groups i n  these  cells and we have 
erformed t h i s  pre-chaxge using a venting technique. I w i l l  
how you the  r e s u l t s .  
(Slide.  '173. ) 
On orygen 'evoluat ion on a l l  these  c e l l s  of t h e  con- 
ract, we see i n  t h i s  t a b l e  t h a t  the  r a t e  of oxygen evolut ion 
s about twice between a l l  t h e  cells from 300 cubic  cent imeters  
3 600 cubic centimeters.  
(Sl ide.  :174.) 
. This t a b l e  represents  r e s u l t s  an pre-charge 
'? 
; t?, - 
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measurement. We have made i n  a l l  t he  study two d i f f e r e n t  
measurements, one by chemical ana lys i s  and one by e l ec t ro -  
chemical measurements. 
You see on the f i r s t  t a b l e  the re  the r e s u l t s  on 
ampere hours of the cells -- ampere hour determination of cad- 
mium,  i nac t ive  cadmium on the  p l a t e .  We have pu t  on these 
cells', E group, four  ampere hours corresponding toorygen; 
t e n  i n  F group, ivid 16 i n  .group .G. 
So before doing,anything e l s e ,  i n  each group we 
h a v e  t o t a l :  prc-charge of 1 t o  11, 1 4  t o  17, and 20 t o  23. Xn 
these  c e l l s  w e  have performed a cycl ing test, 30 cycles  and 
each cycle ' s  dura t ion  i s  12 hours,  11 hours charge a t  zero-10 
and one hour pre-charge a t  zera-2.rate .  
(S l ide  175 .) 
Here are t h e  pressure  evolut ions expressed i n  abso- 
l u t e  pressure versus the  time. And we see t h a t  i n  t h e  group 
of  higher pre-charge, t h e  pressures  a r e  lower than they a r e  
i n  the  o ths r  pre-charge adjustment. This is on cycle  2. 
(Slf de.  176. ) 
And tre have another s h e e t  where we see on cycle  
29 it is almost the  same. W e  have to  no t i ce  a l i t t l e  d i f -  
fe reace  i n  the  end of charge pressure,  more s e n s t i v e  i n  G 
group than i n  any o ther ;  very l i t t l e  change. 
The l a s t  pse-charge cycle  on these  c e l l s  shows the 

following curve. 
[Sl ide '174. ) .' / 
We'll see this l a t e r ,  another t i m e .  
I w i l l  p resent  t h e  first r e s u l t  here. 
Before doing these  cycles ,  w e  have measured the  
ampere hocr electrochemical measurement on each group, and we 
have found the  foliowing. r e s u l t s  which a r e  less than t h e  ampere 
-\, 
hours w e  have pu t  a t  t h e  beginning on these cells. 
W e  have performed chemical ana lys i s  cn the  same 
c e l l s  and found t h e  following r e s u l t s .  This i s  t h a t  e lec t ro-  
chemical measurements show i t 's  less than what w e  have pu t  on 
the  c e l l s  bu t  t h a t  chemical -- cadmium has increased. But w e  
have t o  note t h a t  the t o t a l  amount of pre-charge i s  about the  
same a s  w e  had before,  except perhaps on t h i s  group which is 
a l i t t le  higher ,  b u t  w e  have t o  take i n t o  account t h e  accuracy 
af measurements, both electrochemical o r  chemical. 
.Now w e  a r e  on t he  s t e p  of measuring electrochemical 
and chemical pre-charge i n  these  c e l l s  a f t e r  30 cycles  ahd we 
see  t h a t  electrochemical has increased i n  each of  these  groups 
from 1.8 t o  8.6, 4.8, 1 4 ,  10.4, 20. W e  have no t  y e t  performed 
the chemical ana lys i s  on these cells. The test is  running. 
The important po in t  is t h a t  you have an increase  
i n  electrochemical measurement on.each group and t h i s  increase  
can be explained i n  the  following ways. 
(S l ide  177.3 
11 Reporters, Inc, 
25 
F i r s t  of a l l ,  we can explain it by t h e  same explana. 
t i o n  t h a t  Dcan'Maurer s a i d  t h i s  morning about t h e  a c t i v a t i o n  
of  chemically determined i n a c t i v e  cadmium. 
The second po in t ,  cadmium oxidat ion of separator .  
And the  t h i r d  po in t ,  n i cke l  a t t ack  on p o s i t i v e  
- . 
. .:e 
elec t rode  by oxygen. 
So we have not  performed t h e  chemical ana lys i s  on 
the  c e l l s  a f t e r  t h e  cycling. W e  a r e  not  ab le  t o  say exact ly  
what a r e  one of the  many p o s s i b i l i t i e s  here. 
But I have t o  go back t o  t h e  discharge curve a f t e r  
-7 
cycl ing i n  which w e  s e e  t h a t  t h e  c a p a c i t i e s  on t h e  high pre- 
charge group is higher t o  one v o l t  -- is higher f o r  t h e  high 
pre-charge l e v e l  and they follow on t h e  pre-charge measurement* 
(Sl ide  178.1 
Sc seeing t h i s  curve, I should say severa l  p 0 i r . t ~ .  
F i r s t  of a l l ,  our  pre-charge l e v e l ,  considering 
the  end of charge pressure and capaci ty  a f t e r  cycl ing tests 
seems t o  be good f o r  t h e  ceLl -- yes ,  f o r  the  c e l l .  
A lower pre-charge l e v e l  gives  lower capaci ty  and 
hig2ler pressure b u t  i f  w e  consider t h e  increase  i n  pre-charge 
measurement, electrochemical pxe-charge measurement, w e  see 
t h a t  high pre-charge l e v e l s  a r e  very dangerous f o r  t h e  c e l l  
because we need 8:i.t.he'r f o r  long-l i fe t ime cycl ing overcharge 
pro tec t ion  which is discharged cadmium. 
And as w e  have not  a l l  t h e  r e s u l t s  on t h e  chemical 
POSSIBLE MECHANISMS FOR INCREASING 
ELECTROCHEMICAL PRECHARGE 
1 .  ACTIVATION OF CHEMICALLY DETERMINED INACTIVE CADMIUM. 
2 .  OXIDATION OF SEPARATOR. 
3 .  NICKEL ATTACK ON POSITIVE ELECTRODE BY OXYGEN. 
Figure I77 
b Figure 178 
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impcre hour?  What was the r e l a t i o n s h i p  you used? 
FONT: 14e used one gram of oxygen, one grain of 
Dxygen, 3 . 3  ampere hours .  
0 ' ROURKE : Okay. 
The o t h e r  q u e s t i o n  I had was what t.ype of t i m e  
? e r i od  e l apsed  from t h e  t i m e  t h a t  t h e s e  p l a t e s  o r  cel ls  were 
immersed i n  e l e c t r o l y t e  from t h e  t i m e  t h a t  you made t h e  a c t u a l  
z l e c t r i c a l  pre-charge measurement? WLS t h e r e  any a t t emp t  t o  
zon t ro l  : t h a t  t ime? 
FONT: A f t e r  format ion cyc l e s?  A f t e r  format ion 
cyc l ing  through t h e  e l e c t r o l y t e ?  
08ROUP3(E: Did you t a k e  a pre-charge 3easurament 
j i r e c t l y  a f t e r  t h e  pre-charge adjus tment  o r  d i d  t h e y  go through 
formation cyc l e s  f i r s t ?  
FONT: A f t e r  pre-charge adjus tment  w e  closccl the 
c e l l '  and we performed two c y c l e s  a t  C over  10,  The pre-charge 
measurement was made immediately a f t e r  the  f i r s t  pre-charge ,  
a f t e r  pre-charge. Immediately a f t e r  pre-charge u s ing  ven t ing  
t echn ique ,  we c losed  t h e  ce l l .  W e  performed a decharge t o  one 
v o l t  ana a t  t h i s  t ime we determined t h e  e l ec t rochemica l  capacit: 
O'ROURRE: Okay. 
The reason  I b r ing  t h i s  up i s  1 ' m  going t o  p r e s e n t  
something i n  a minute. I ' v e  found t h e  c o r r e l a t i o n  between ths 
soaking t i m e ,  i n  o t h e r  words, t h e  time you a c t u a l l y  f i l l  t h e  
e t l l  w i t h  e l e c t r o l y t e ,  t o  t h e  t i m e  t h a t  you do t h e  pre-charge 
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adjustment.  I ' v c  found o u t  t h c r c  is s r e l a t i o n s h i p  between t f~c 
amount of prc-charge a c e l l  w i l l  have, and t h a t ' s  why 1 was 
just wondering whether t h a t  t h e  was e i t h e r  c o n t r o l l e d  o r  
measured. 
FONT: Going i n t o  d e t a i l s ,  a f t e r  which - - . a f t e r  
i'ormation cyc les  we assemble t h e  c e l l  and we f i l l  wi th  e l e c t r o -  
l y t e .  Between performing any charging cyc l e  we keep them 72 
hours i z  t h a t  s t a t e  a f t e r  we perform one pre l iminary  cyc l e  i n  
a c losed  cond i t i on  and a f t e r  w e  perform the  pre -c l~arge  adjust- 
ment. . ,. 
CARR: Ear*. Carr ,  Eagle Picher .  
I cou ldn ' t  see all t h e  numbers b u t  j u s t  simply: 
Were the  p l a t e s  a l l  t h e  same before  you set pre-  
charge? I n  o the r  v~ords ,  was t h e r e  th-. same amount of cadmium 
i n  a l l  of  t h e  c e l l s ?  
FONT: I n  a l l  t h i s  c o n t r a c t  t h e  p l a t e s  were of t h e  
same lot. 
CARR: Okay. Very good. 
And then  the next  t h ing  is  what was t h e  vo l tage  
d i f f e r e n c e  dur ing t h e  overcharge f o r  t h e  t h r e e  l e v e l s  of  pre-  
charge? 
FONT: W e  d idn '  t pe r fo rn  overcharge, a long' over- ' - 
chargb- t ime  in'these c e l l s - b u t  t h e  end of charge -- 
CARR: Well, what I was r e f e r r i n g  t o  i s  you 
presented some p re s su re  d a t a  and corresponding t o  t h a t  pressure 
d a t a ,  what w?,s t h e  d i f f e r e n c e  i n  vo l tage  between t h e  c e l l  that 
was pre-charged? 
FONT: I th ink  it was n o t  h igher  than 1 0  m i l l i -  
v o l t s ,  1 0  t o  20 m i l l i v o l t s  between t h e  d i f f e r e n t  groups. We 
ha3 t o  s t a t e  t h a t  t h e  end of charge p re s su re  are no very 
. . 
d i f f e r e n t ,  too.  There i s  on ly  200 m i l l i b a r s .  
KIPP: Ed Kipp, Gulton. 
Can w e  assume zhese are s t a rved  c e l l s ?  
FONT: Y e s .  
D U U O F :  J i m  Dunlop, Comsat. 
One p o i n t ,  p a r t i a l l y  i n  answer. t o  the ~ e n t l e m a n ' s  
ques t ion  i n  f r o n t  here, t h a t  D r .  Font and I had t a lked  about 
befora h i s  p re sen ta t ion .  I th ink  I ' m  going t o  add something 
I th ink  he meant t o  say.  
These pre-charge measureinents t h a t  he i s  t a l k i n g  
about were made -- t h e  measurements were made a f t e r  t h e  pre- 
charge was set.  H e  g o t  d i f f e r e n t  r e su l t s - -  I; y~~ 1 ' 1 1  n o t i c e  
the f i r s t  time he s o t  t h e  pre-charge he p u t  i n  fou r  -- i n  one 
case  he p u t  i n  fou r  ampere hours of pre-charge and o n l ?  
measured 1 .8  e lec t rochemica l ly .  
I n  answer t o  your q u ~ s t i o n ,  he a l s o  d i d  a chemical 
a n a l y s i s  and he found t h a t  t h e  remaining -- he Zound t h a t  it 
was e s s e n t i a l  f o r  him t o  determine t h e  t o t a l  amount of pre-  
charge t h a t  he had i n  that cell  a t  any t i m e  t o  do both  t h e  
chemical and the  e l e c t r o c h e n i c a l  ana lys i s .  And by doing just 
2 1 
22 
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t h e  e lect rochemical  measurement he could n o t  determine how much 
pre-charge he had i n  those  cells a t  any time. 
STE1:JIiAUER: Steinhauer  , Hughes. 
D r .  Font,  could you t e l l  us what method of chemical 
a n a l y s i s  wzs used? Was it complex symmetric t i t r a t i o n  o r  
. \' 
caloxne tr i  c? 
FONT: I t  w a s  t i t r a t i o n  by EDTA method. 
SEIGER: Seiger  of Heliotek.  
Could you t e l l  u s  whether you have t h e  same amount 
of e l e c t r o l y t e  i n  each of those  groups be fo re  you s e t  the pre- 
charge? 
FONT: Before we s t t t  t h e  pre-charge w e  have e x a c t l y  
t h e  same amount of e l e c t r o l y t e .  
BETZ: Betz, from F a i r c h i l d .  
T h e  i n i t i a l  chemical pre-charge t h a t  you showed 
t h e r e  f o r  ths seven ampere hours ,  that's t h e  v a l u a b i l i t y  from 
t h e  end of  your formation procesc? 
FONT: T h i s  i s  the d i f f e r e n c e  on a l l -  W e  have 
performed. t he se  measurements on about 20 p l a t e s  and t h i s  i s  
the t o t a l  dev ia t ion  of  t h e  measurements. 
BETZ: Coming o u t  o f  formation? 
FONT: Immediately a f t e r  formation. 
BETZ: Okay. 
T h e  second ques t ion :  Af t e r  your d i scharge  t o  one 
v o l t ,  do you r e s i s t i v e l y  load t h e  c e l l  t o  zero v o l t s  before  you 
:: Reporters, Inc. 
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your pre-charge? That i s  t h e  
35s 
technique -- 
FONT: A t  what s tage?  
BETZ: After  discharge t o  one v o l t ,  t h e  technique 
f o r  pre-charge measuromcnt has included an intermediate  s t e p  
of r e s i s t i v e l y  loading the c e l l  u n t i l  it goes t o  zero v o l t s .  
:& 
FONT: ~ f t e r  discharging t o  one . v o l t ,  . w e  have d i s -  
charged a t  C over 1 0  rate from one v o l t  t o  zero. 
BETZ: Then C over 10 from one v o l t  to zero. 
FONT: And a f t e r ,  from zero t o  minus 0.5 C over 
1 0 ,  too,  
BETZ: C over 10 also. Thank you. 
LACNJER: Lackner, Canadian Defense Research. 
You mentioned you d i d n ' t  have too  much of an over- 
charge period; is  t h a t  co r rec t?  
FONT: Yes--  W e l l ,  no t  performed espec ia l ly  an 
overcharge measurement on these cells. 
LACKNER: Our experience has been t h a t  i f  w e  had 
. .  
too much of a pre-charge t h a t  w e  would g e t  i n t o  hydrogen 
generation and the  way w e  t e s t e d  it ou t  was t o  pu t  t h e  c e l l s  on 
120 hour overcharge a t  minus 5,  and i f  you had any hydrogen 
generation it most c e r t a i n l y  would come out.  
We f e e l  t h a t  you have t o  t i e  i n  the  pre-charge wi th '  
a long overcharge as a screening o u t  test. 
FONT: It 's  not  understood exact ly  -- 
LACRMER: We f i n d  , t h a t  - t h e r e .  is a d e f i n i t e  
:e - Federal Reportets, Inc. 
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dependence of pre-charge and overcharge c a p a b i l i t y  and parti- 
c u l a r l y  i f  you are g e t t i n g  i n t o  synchronous o r b l t  where you ma1 
have t o  be charging f o r  long periods of t i m e .  I ' m  no t  saying 
you have t o ,  but  you may have t o .  
FONT: You may, yes. 
LACKNER: We would l i k e  t o  have a c e l l  that could 
s tand t h e  overcharge c a p a b i l i t y  f o r  a long length of t i m e .  
FONT: Yea. I n  t h i s  case you have n o t  t o  put  too  
.- . 
1 
much pre-charge. 
LACmER: I n  m p t  of our p a s t  experience with a 
bare minimum pre-charge you g e t  very good . resu l t s  by s t r i n g i n g  
o u t  with a long overcharge period. 
FOXT: Yes. 
One p o i n t  here  i s  t h a t  I th ink  f o r  synchronous 
o r b i t  o r  a long- l i fe  cycl ing program w e  have t o  consider 
immeaiately on &e discharge curve that i f  w e  have too low pre- 
charge t h e  end of charge w i l l  be lower i n  t h a t  case. I f  w e  
see  that curve, -- 
(Sl ide .  178.1 
-- t h i s  curve i s  only f o r  30 cycles ,  and w e  s e e  t h a t  mostly 
i f  you c u t  here,  you have less capaci ty  with lowest pre- 
charge. 
So 1 th ink  we have t o  have some compromise between 
no pre-charge and high l e v e l  pro-charge which- .Perhaps:for 
commercial c e l l s  high l e v e l  pre-charge is good because you havc 
f -Federal Reporters, Inc. 
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good capaci ty  b u t  no t i m e  du ra t ion  guarantee. 
Bu t  i n  t h i s  case  w e  have t o  do some compromise and 
I th ink  Mr. Dunlop w i l l  t e l l  you about t h i s  following t h i s  
program t o  determine what amount would be necessary.  
HALPERT: Halper t ,  from Goddard. 
. ., 
Were these  your aerospace grade o r  aerospace 
q u a l i t y  ma te r i a l s  t h a t  were used? 
. FONT: We used our  space q u a l i t y  p l a t e s  which a l l  
were high ra t io- -  We used e x a c t l y  the same mate r i a l s ,  n i cke l ,  
b u t  we have t h e  space d e f i n i t i o n  wi th  high r a t i o  on these  cells,  
HALPERT: And what kind of sepa ra to r  was i t ?  Nylon 
o r  polyprophylene? 
FONT: U n t i l  now w e  used nylon b u t  w e  a r e  s tudying 
t h e  eventual  change t o  polyprophylene. 
BELOVE: Belove, Marathon. 
What i s  t h e  d i f f e r e n c e  i n  capac i ty  of those cells 
with the low pre-charge and t h e  cells wi th  the higher  amount of 
pre-charge to  one v o l t ?  
FONT: There is on t h i s  curve -- Immeciiately a f t e r  
discharge t h e  d i f f e r e n c e  i s  about two o r  t h r e e  amp hours. 
You have your 26 t o  29, about. 
BELOVE: Thank you. 
KIPP: Ed Kipp, Gulton. 
Have you been a b l e  t o  generate  enough d a t a  s o  t h a t  
24 
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you could e s t a b l i s h  a r e l a t i o n s h i p  between t h e  amount of pre- 
charge measured'electrochemically and t h a t  measured by chemical 
ana lys i s?  
FONT: What kind of-- For example, I th ink  an 
important p o i n t  would be the chemical measurement a f t e r  cyc l ins  
tests . 
KIPP: What I'm g e t t i n g  a t  is could you-- If you 
could e s t a b l i s h  a d e f i n i t e  r e l a t i o n s h i p  by t h a t  measured 
electrochemical ly  and t h a t  measured by chemical ana lys i s ,  you 
wouldn ' thave  tc do t h e  second, o r  the first. 
FONT: Y e s ,  o r  maybe, You have t o  p o i n t  o u t  he re  
t h a t  t hese  two t o t a l  measurements are p r e t t y  c l o s e  and then 
t h e  o rde r  of accuracy, b u t  we  ha,ve t o  considex t h i s  measurement 
a l s o ,  and t h e  p o s s i b i l i t y  of e x t r a  pre-charge such a s  t h e  
n icke l  a t t a c k  of t h e  p o s i t i v e  e l ec t rode  by oxygen evolved and 
oxydation of t h e  sepa ra to r  k i t h  l i fe.  
So you cannot only consider-. For ins t ance ,  you 
cannot only consider  e lectrochemical  pre-charge measurement. 
You have t o  perform the chemical ana lys i s .  
M I P E L :  Guy Rampel, General Electric. 
- I would l i k e  t o  ask Joe  Lackner this ques t ion :  
You mentioned t h a t  you have a screening overcharge 
a t  minus 5 f o r  120 hours. A t  what r a t e  i s  t h a t ,  Jot?? 
LACKIIER: C over  10 .  
RANPEL: Thank you. 
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FORD : Ford, NASA/Goddard. 
To what do you a t t r i b u t e  t h e  i n a b i l i t y  o r  the  lack 
of being able  to  measure t h a t  pre-charge i n  an electrochemical 
o r  i n  your reverse mode? 
FONT: Really, I don ' t  know. For t h e  moment we 
don ' t  know enough t o  a t t r i b u t e  something. Perhaps-- I don ' t  
know. 
FORD: I ' m  su re  t h e r e  a r e  o the r  pecple here who haw 
experienced the  same r e s u l t s .  I ' d  l i k e  t o  throw t h e  quest ion 
t o  the  f loor .  
BETZ: This is Betz a t  Fa i rch i ld ,  and I ' ll  sit  f o r  
t h i s  one. 
. . -d. 
I ' m  going t o  make some general  comments. We a t  
Fa i rch i ld  a r e  buying cells r i g h t  now and ark experiencing 
a very similar type of data .  Our test technique f o r  pre- 
charge, as I indica ted  previously,  is  s l i g h t l y  d i f f e r e n t  s o  
t h a t  t h e  electrochemical measurements of pre-charge we'd be 
gett!.ng would be less than yours by t h e  d i f fe rence  between 
perhaps one v o l t  and zero vo l t s .  The one-ohm technique o f '  
g e t t i n g  down t h e r e  takes  o u t  I think a reasonably Large amount. 
W e  had used i n i t i a l l y  two ampere hour oxygen pre- 
charge and g o t  zero measurable electrochemical yre-charge. 
I n  additi txi  t o  that ,  t h e  c e l i  capaci ty  a t  zero degrees C. was 
less than spec i f i ca t ion .  
Increasing the  pre-charge t o  four  ampere hours of 
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oxygen, we a g a h  were marginal on measurements. This i s  
f a i r l y  -- no t  d i r e c t l y  a f t e r  the  pre-charge operat ion bu t  dom- 
stream a l i t t l e  b i t ;  a f a i r l y  marginal, approximately zero 
measurable pre-charge. However, t h e  capaci ty  was q u i t e  s a t i s -  
factory,up i n  the order  of  125 percent  of nominal a t  room 
. . 
temperature, 25 C. and 110, 115 percent ,  on t h a t  order ,  a t  zero 
degrees C. 
Overcharge a t  s,e?:o degrees C., extremely uniform 
vol tages a t  C. over 20, sornethinq on '.be order  of 400 percent  
of capaci ty  input ;  the  f i r s t  120 percent  or 200 percent  goes 
i n  a t  about C over 10 a t  25 and then t h e  temperature is lowered 
to zero and continued a t  C over 20. 
So we  found uni forn  vol tage c h a r a c t e r i s t i c s  on 
over-charge, and w e  do have the over-charge test,  and capaci ty  
improved with the  increase  i n  pre-charge. 
 hen we had some mavericks which, although w e  d id  
s o w  tests on them and I be l i eve  t h a t  the  oxygen pre-charge 
is oa t h e  order  of 6 ampere hours, and those cells had the 
highest  capaci ty ,  again compared t o  t h e  o thers .  
But the  i n t e r e s t i n g  th ing  was t h a t  the  h ighes t  
capacity c e l l s  had t h e  l e a s t  v a r i a b i l i t y  i n  capacity.  Maybe 
we don ' t  have a l a r g e  enough sample y e t  but  it appears to  be 
t h a t  the re  is  a v a r i a b i l i t y  of capaci ty  f a c t o r ,  a l s o ,  involved. 
You may g e t  some negative l i n u t i n g  inf luence so you're no t  
r e a l l y  measuring your p o s i t i v e  i n  every indiv idual  c e l l  due t o  
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the v a r i a b i l i t y  of pre-charge perhaps o r  t h e  indiv idual  nature.  
takes a l o t  of  e f f o r t  t o  look i n t o  these  
I might make one o the r  comment: 
Going back a while when I was a manufacturer, not  
on the  user end of the  s t i c k ,  o r  working i n  t h e  manufacturing 
area ,  we were ab le  t o  use a technique t o  measure pre-charge 
a f t e r  a s ta rved  reve r sa l  t o  one v o l t  and t h a t  i s  by oxygen 
addi t ion,  pressur iz ing  the  c e l l  with oxygen and observing 
recombination. 
Unfortunately, it took something on the order  of 
20 days o r  more before it bogan t o  i n d i c a t e  w e  wcxe not  having 
any s i g n i f i c a n t  oxygen recombined, bu t  it might be simpler than 
a chemical analysis .  
FONT: Simpler, bu t  perhaps l e s s  accuracy. 
DUNLOP : J i m  Dunlop, from Coms at. 
D r .  Font d i d n ' t  include some d a t a  here  t h a t  we had 
fed  i n  i n  response t o  something he s a i d . .  
I n  the program he a c t u a l l y  t r i e d  t h r e e  d i f f e r e n t  
ways t o  do t h i s  before he set t h e  pre-charge and one of t h e m  
was t o  p u t  a r e s i s t ' x  across  t h e  c e l l .  One of them w a s  t o  run 
it down a t  a C over 1 0  r a t e  l i k e  you described. And one of 
them was j u s t  t o  q u i t  a t  one vo l t .  
Now t h e  reason I make a l l  th is -  I ' m  j u s t  saying 
the  reason we d i d n ' t  present  the  d a t a  is  t h a t  i n  essence,  i t  
!deral Reporters, Inc. 
2 5 
does make a difference-  Like you po in t  ou t ,  where you put  
a 6ne:ohrir r e s i s t o r  on something and take i t  a l l  down, it does 
take ou t  soma capaci ty ,  s o  i f  you do t h i s ,  it would change 
your pre-charge measurement t h a t  you would measure e l ec t ro -  
chemically. 
The po in t  is here  t h a t  it d i d n ' t  r e a l l y  s i g n i f i -  
can t ly  change any of the- I n  other words, what we do anyway 
is completely discharge t h e  cell on down t o  minus .5  a v o l t  
before w e  do the  analys is  and i n  discharging t h e  p l a t e s  on dowc 
t o  minus .5 v o l t  and then doing the  analys is  -- and t h a t ' s  a 
very important po in t  -- i n  t h a t  case,  t h e r e  wasn't any d i f -  
. . f erence . 
The number you mentioned, which was t h r e e  o r  four  
w e r e  hours o r  f i v e  ampere hours of  charged cadmium remaining 
a f t e r  t h a t  p l a t e  had been completely discharged e lec t ro -  
chemically , wasthere whether w e  use method A, B, C, o r  D. 
CARR: E a r l  Carr,  Eagle Picher. 
I would l i k e  t o  i n t e r j e c t  one more thing.  I th ink  
we had t h e  same or  a s i m i l a r  experience and t h a t  i s  t h a t  with 
L 
t he  one-ohm load placed on t h e  c e l l  p r i o r  t o  the  r e v e r s a l  t o  
determine pre-charge, we had tests which indica ted  no pre- 
charge and yet w e  were somewhat confident  t h a t  t h e r e  was pre- 
charge there .  
The test on a l imi ted  number of c e l l s  was run 
without pu t t ing  t h e  one-ohm load and i n  t h i s  case continuing 
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t h e  discharge i n  the  s ta rved  s t a t e  a t  a C over 2 rate--  You 
mentioned you used C over 10 -- on t o  zero v o l t s  and then on 
t o  minus one v o l t ,  and w e  go t  the pre-charge t h a t  we had in-  
tended t o  pu t  i n  t h e  cell. 
So what w e  have done -- and t h i s  i s  on the  SMS 
program with Philco-Ford -- is we have concurred t h a t  w e  w i l l  
do +he pre-charge measurement under these condi t ions;  i n  o ther  
wards, s ta rved ,  going a t  C over 2, a l l  t h e  way through zero and 
t o  minus one vo l t .  
FONT: I n  your measurement t o  minus one v o l t ,  do 
you t a k e  i n t o  account the  p o s i t i v e  capaci ty  i n  the negative 
p la te?  
CARR: 1 don ' t  know tho  answer to  that. No. 
EIAURER: Maurer, B e l l  Labs. 
The negative p l a t e ,  because of corrosionr, has a 
s u b s t a n t i a l  p o s i t i v e  capaci ty ,  n i cke l  capaci ty;  by "substan- 
t i a l , "  seve ra l  percent ,  maybe 10 percent ,  depending on what 
impregnation method is used. And i f  these  negative p l a t e s  a r e  
reversed during t h e i r  formation a t  a l l ,  t h a t  ma te r i a l  becomes 
reverse-charged o r  converted to  n icke l  p l u s  three .  
Then i f  you make a c e l l  from those p l a t e s  and 
s t a r t  t o  charge, t h e  first th ing  you do is charge the n ickel  
and you charge your p o s i t i v e  e l ec t rode  and you charge the  
n icke l  p a r t  of your negative e l ec t rode  and s o  you bu i ld  i n  an 
automatic reduced negative charge which you w i l l  observe on 
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t he  subsequerrt discharge a s  a negative l imi t ing  c e l l .  
So what you need t o  do is  on your l a s t  formation 
cycle ,  s t o p  before you reverse t h e  e l ec t rode  a t  a l l .  
CARR: When you say " r e f e r s e  the  e lec t rode ,"  
reverse it aga ins t  what? 
MINT: . Against t h e  counterelectrode,  
MAURER: Against the counterelectrode. 
CARR: Ok-y-.  W e l l ,  we  don ' t  do t h a t  under normal 
circumstances s o  t h a t  we don ' t  th ink  t h a t  w e  have reversed the  
negative. 
MAURER: Well, i f  you a r e  reversing your cell i n  
the c e l l  s t a t e  now t o  look a t  pre-charge and then charge it 
back up again,  y o u ' l l  go through t h i s  problem a l l  over again. 
CARR: Right. But on t h e  f i r s t  t i m e  down, measur- 
ing  pre-charge, you would not. 
M A U ~ R :  No, unless  you had done it i n  formation. 
BETZ: Betz, Fa i rch i ld .  
J u s t  t o  comment, between Carr and J i m  Dunlop, and 
t h a t  i s  t h a t  the d i f fe rence  i n  measuring techniques has a 
l a rge  tendency t o  a f f e c t  the  d a t a  s o  t h a t  when we a l l  t a l k  the  
same language I think t h e  s tandardized t e s t  technique- Reallq 
we have one but  i f  it is no t  the  best then another one should 
be evolved s o  t h a t  when w e  come to  t a l k ,  w e  can a l l  t a l k  t h e  
same language. 
The o ther  comment, t h a t  I d i d n ' t  mention, i s  t h a t  
24 
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I'n su re  t h a t  we had the  samo r e s idua l  i n i t i a l  mater ia l  from 
formation i n  our c e l l s ,  and t h a t  this i s  something e l s e .  
CARR: Earl Carr, Eagle Picher. 
1 concur, Fred, very much. The th ing  t h a t  I was 
going t o  say b u s  fo rgo t  a minute ago and t h a t  was t\e reason 
we se lec ted  C over 2 was t h a t  i n  t h i s  p a r t i c u l a r  appl ica t iun ,  
which was synchronous o r b i t  a t  a 60 percent  depth of discharge 
t h i s  is the r a t e .  So we thought wel l ,  t h i s  is a s  c lose  t o  
being representa t ive  of whatever we're going t o  do while we're 
i n  o r b i t ,  and so' t i lerefore we're gaing t o  use these  condi t ions 
s ta rved ,  c over 1. 
We don8 t pu t  one ohms on them i n  o r b i t .  
EU'iURER: Maurer, Be l l  Labs. 
Another e f f e c t  I wanted t o  mention was t h a t  a 
pos i t ive  e l ec t rode  is d i f fus ion  l imited.  Once t h e ' v o l t a g e  d ro  
below about a - -  w e l l ,  below about le t ' s  say two v o l t s  with 
rospect  t o  mercury oxide reference,  it becomes d i f f u s i o n  
i imi t ed  and follows the  d i f f u s i o n  l i m i t i n g  discharge; t h a t ' s  
d i f fus ion  of the p r o t m s  i n  t h ~  l a t t i c e .  
And this i s  a very lorig t i m e  process and i f  you 
put  a r e s i s t o r  across  t h e  cell,  a s  you know, t h e  vol tage t h a t  
you measure on the  res is t .or  ind ica tes  a s u b s t a n t i a l  cu r ren t  
s t i l l  flowing t h a t  l a s t s  f o r ,  w e l l ,  t h e  order  of 1 0 ,  1 2  h ~ v z s  
a t  va?,ues p e r h a y  above 5/100th of a v o l t ,  and it continues 
down i n  a logarithmic fashion which looks l i k e  a series -- 
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exponent ia l  expansion with  s lopes  i n  t h e  ra t io  of 1 t o  9 t o  27,  
and so on. 
And t h e  capac i ty  a v a i l a b l e  under t h e s e  cond i t i ons  
is  s u b s t a n t i a l ,  perhaps 10 pe rcen t  of t h e  t h e o r e t i c a l  capac i ty  
of t he  e l ec t rode ,  so t h a t  i f  you d i scharge  e lec t rochemica l ly  
. 
below one v o l t  on the ce l l  and then  immediately r eve r se ,  t h e r e  
w i l l  be t h i s  amount of p o s i t i v e  capac i ty  sti l l  t h e r e ,  and t h a t  
w i l l  be t h i s  charge m a t e r i a l  on t h e  negative.  
I f  yov p u t  a resistor across you need t o  leave  t h e  
r e s i s t o r  on fur s long enough time, perhaps 24' hours ,  t o  g e t  
a l ,  of t h i s  material back ou t .  
RBEIPEL: Guy Ranpel, General E l e c t r i c .  
I t h i n k  the important  p a r t  of t h i s  t h i n g  he re  i n  
measuring t h e  nega t ive  capac i ty  r e s i d u a l  charge is t o  say  t h a t  
t r z  whole t h ing  r e a l l y  is  x e l a t i v e  and t h a t  i c  depends -- no 
matter  when i t 's  done, it depends on the amount of cadmium t h a t  
is  a v a i l a b l e ,  because there i s  a r a t i o  down below, an e q u i l i b r i u  
between a c t i v e  and i n a c t i v e  cadmium, a n d . t h i s  equ i l ib r ium s h i f t s  
from one d i r e c t i o n  to  t h c  o t h e r ,  depending upon p l a t e  des ign ,  
previous dod temperature and so on. 
So I t h ink  t h a t  khe elect rochemical  measurement of 
negative pre-charge can be viewed as a measurement i n d i c a t i v e  
of what is  a v a i l a b l e  then and t h e r e ,  b u t  it should n o t  be used 
4 
a s  a quanta t ive  measurement t o  i n d i c a t e  anyth in3  except  t h e  
p a r t  of t he  cadmium t h a t  happens t o  be a v a i l a b l b  a t  t h a t  moment. 
23 
L 
24 
"ce -Federal Repo~tcrs, Inc. 
25 
bWJRER: There ought t o  be comments on t h a t .  
BETZ: J u s t  a quickie .  
In  response t o  t h a t ,  t h a t ' s  the  way we look a t  it. 
In  our  spec i f i ca t ion  w e  spec uncharged excess negative b u t  i n  
order  t o  determine t h a t  you've go t  t o  g e t  a measure of pra- 
charge somehow and the  electrochemical technique is  used t o  
reverse the  cell,  then recharge,  and then a measure -- then 
recharge flooded and a measure of the  t o t a l  negative. So you 
can g e t  a measure of excess uncharged. 
W E L :  Fred, going beyond t h e  r eve r sa l  and then 
adding e l e c t r o l y t e  t o  do t h e  flooding measurements, t h e r e  a r e  
two problems the re ,  too-- Well, there's another one down below 
Let me g e t  t o  t h a t  one f i r s t ,  and t h a t  is  rate dependent. 
I f  you go, f o r  example, a t  C over 10, l i k e  SAPT, 
you run i n t o  a se r ious  danger of s h o r t s  and p a r a l l e l  res i s tance  
which can throw' t h a t  w h o l e r e c u l t  o f f  considerably and you can 
f i n d  more cadmium i n  t h e  c e l l  than you have t h e o r e t i c a l l y  i n  
some cases. 
I only p o i n t  t h a t  o u t  t o  i n d i c a t e  t h a t  t h e r e  a r e  
problems the re ,  too,  and maybe C over 2 is a l i t t l e  b i t  b e t t e r ,  
but  nevertheless  i t 's  s t i l l  r e l a t i v e .  
Now going the  o t h e r  way, when you want t o  f i n d  o u t  
how much pos i t ive  e lec t rodes  you have, you flood t h e  c e l l  and 
then according t o  NASA you charge a t  ' C  over 10 f o r  f o r t y  
hours. Okay, t h a t ' s  good b u t  depending upon t h e  a c t i v i t y  of 
- .- ." .- 
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t h e  cadmium e lec t rode  you can charge t h e  negative e lec t rode  
perhaps, o r  you th ink  it may be f u l l y  chaxged when you g e t  t o  
152 bu t  the re  i s  some e r r o r  . there ,  a l so .  
As 3 xzattex of f a c t ,  we have found i t  absolu te ly  
nscessary t o  take  the  c e l l  a p a r t  f o r  t h a t  p a r t  of t h e  analys is .  
I .  
Piow the next  th ing  I want t o  po in t  o u t  is now you 
a r e  taking a sealed cell  and you're flooding it and you're 
g e t t i n g  a p o s i t i v e  capaci ty  under flooded conditions.  Now i f  
you run ECT o r  t h a t  kind of data flooded, you know t h a t  
. .  
general ly  - 8 2  percent  -- 82 percent  of t h a t  can be counted . 
upon f o r  a sea led  capaci ty ,  sea led  p o s i t i v e  capacity.  So t h a t  
ought to bs taken i n t o  account a l so .  
BETZ: I th ink  your comments a r e  wel l  taken. The 
t e s t  is  no t  necessar i ly  an absolute  measure of the  things t h a t  
a r e  happening. 
~ n c i i r e n t a l l ~ ,  I found, oh, somewhere around 40 o r  
50 ampere hours a t  C over 2 i n  r eve r sa l ,  also, i n  a nine ampexe 
hour cell. 
BAER: Bzer, God3ard. 
I guess this could be directed at Guy. 
You s a i 6  you ran  -- checked the  e l ec t rode  capaci- 
; you ran  it flooded. How about i f  you ran  it s tarved  tn t i e s  
t h a t  zondition a l so?  I f  you ran  the  pre-charged s ta rved  and 
a l s o  the check the  e l ec t rode  capazi ty ,  i f  you ran  t h a t  s tarved? 
RANPEL: W e l l ,  I think we're probably g e t t i n g  away 
from t h e  t r u e  capacity of p o s i t i v e  e l ec t rode  anyhow, bu t  t h a t  
is  no t  a t  room temperature and as Dean Maurer pointed o u t  t h i s  
morning, the 4-rzin; =f f f cf ~ ~ A i y  oi the p o s i t i v e  e l ec t rode ,  
besides  being r e l a t e d  t o  charge rate, i t ' s  a l s o  temperature- 
r e l a t e d  and you have t o  take these  th ings  i n t o  accou>t, so 
t he re  i s  no use kidding ourselves.  
I think we had b e t t e r  j u s t  g e t  the  absolute  amount 
of p o s i t i v e  capaci ty  l h a t  you can g e t  and take  t h a t  i n t o  
regard.  I think i f  w e  do it sea led  we're going t o  g e t  a lower 
value which is  f i n e ,  bu t  w e ' l l  be kidding ourselve+. 
SCOTT: Sco t t ,  f r o m  TRW. 
I think underlying some of this discuss ion  is the  
presence of an electrochemical procedure for measuring pre- 
charge and s o  f o r t h  as it now i.s i n  pr f i i t  i n  the .  NASA in te r im 
hi-re-l. spec. From what I hear ,  I th ink  t h e r e  i s  cause t o  
possibly reconsider  t h a t  procedure and possibly even s e t  it 
as ide  u n t i l  -- pending f u r t h e r  work, u n t i l  w e  know more about 
exac t ly  what w e ' r e  measuring. 
The o t h e r  p o i n t  I have i s  t h a t  a l s o  what I hear  is  
1 1- - 
~ t :  p o s s i b i i i t y  t h a t  t h e  m l y  incontes table  measure tka t 'we  has 
r i g h t  now t h a t  we know of of pre-charged cadmium is tile' chemica 
analys is  and i f  t h a t  is  so ,  I a m  wondering whether -- what t h e  
r e l a t i o n s h i p  is between a chemical determination of excess 
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I don ' t  know what t h a t  is. I wonder i f  
anybody could comment on t h a t ?  
DUNLOP: It may be my procedure t h a t  is  i n  t h a t  
spec;  I ' m  n o t  r e a l l y  stire, whether it i s  o r  not.  
. VOICE: No, i t 's  mine. 
(Laughter. ) 
DUNLOP: Are you t a l k i n g  about chenucal a n a l y s i s ,  
D r .  Sco t t ?  
SCOTT: No, I thought you were r e f e r r i n g  t o  t h e  
e lectrochemical  -- 
DUNLOP: W e  were t a l k i n g  about chemical a n a l y s i s  
here  a minute ago. 
SCOTT: And I thought you were j u s t  r e f e r r i n g  t o  
t h e  e lectrochemical  procedure i n  the NASA spec. 
DUNLOP: unfor tuna te ly  I don' t know what 's  i n  t h e  
NASA spec r i g h t  now. The last NASA spec I looked a t  d i d n ' t  
have-- I don ' t  remember t h a t  it r e a l l y  mentioned a measure- 
ment procedure f o r  pre-charge, f rankly.  
. .  . .I'm n o t  r e a l l y  a t  a l l  c l e a r  what you ' re  
t a l k i n g  about. 
SCOTT: I ' m  t a l k i n g  about t h e  o r i g i n a l  i n t e r im spec 
i ssued  i n  '69 o r  '68. 
DUNLOP: The procedure f o r  discharging down t o  
minus h a l f  a v o l t ;  i s  t h a t  what you're t a l k i n g  about? 
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SCOTT: Yes. That 's  t h e  one t h a t  I think people 
a r e  s t i l l  t ry ing  t o  use because it i s  t h e r e  and it had a c e r t a j  
degree of legitimacy because i t ' s  there ,  -- 
DUNLOP : Okay. 
SCOTT: -- regardless  of whether it is  any good o r  
. 
not. 
Okay? 
DUNLOP: Okay: 
SCOTT: That 's  t h e  one I was r e f e r r i n g  to .  
DUNLOP: Okay. I j u s t  wanted t o  c l e a r  t h a t  up. 
Thanks. 
FORD: Ford, NASA/Goddard. 
Then w e  s t i l l  have a b a s i c  quest ion:  Ffiy c a n ' t  
you measure pre-charge electrochemically? What is it i n  the  
c e l l  t h a t  p roh ib i t s  you from doing t h i s ?  
I have had it suggested t h a t  t h i s  is influenced by 
the  mechanical pressure exerted wi th in  a c e l l .  
MAURER: 14aurer, B e l l  Labs. . 
I ' d  l i k e  t o  suggest a method t h a t  we've used and 
t h a t  i s  t o  reverse the c e l l  and measure L%e gas coming o f f ,  
confirm that i t ' s  hydrogen, and measure i t s  rate. And then 
when the  c e l l  vol tage goes over the  knee, ind ica t ing  t h a t  it 
~ w u l d  appear t h a t  the  negative has completely discharged, then 
you cornpar- ;Qe e l e c t r i c a l  cu r ren t  o r  cdpaci ty  back through 
with the amount of hydrogen t h a t  you've co l l ec ted .  I f  they 
24 
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agree,  I th ink   yo:^ can be reasonably sure t h a t  t h a t  wcs the 
pre-charge. 
nowever, i f  they don ' t  agree,  then you're i n  t r o S  
( ~ a u g h t e r  . I
HALPERT: Halpert ,  of Goddard. 
I n  response t o  Floyd's quest ion,  we've go t  t o  lear '  
how t o  measure it, I th ink  we've g o t  t o  l e a r n  how t o  put  it i n  
before we can l e a r n  how to  measure it, pu t  it i r r  r e l i a b l y  and 
uniformly every t i m e .  
. 
BELOVE : Belove, lr :rathon . 
The quest ion the re ,  Gerry, would be how do you 
k m w  v h t  you're 'put t ing i n ,  i f  you c a n ' t  me8,are it. 
(Laughter. ) 
But I have anothar p o i n t  here.  Do you have t o  
have the  absolu te  measurement of pre-charge? I be l i eve  t h a t  
any'rnethod you u s e  is  only going t o  be an approximation. The 
electrochemical t e l l s  you how much cadmium you have, b i t  again 
we have t h i s  quest ion of percentage of i n a c t i v e  cadmium and 
a c e r t a i n  amount of it i n  t h e  form of cadmium hydroxide. 
I n  every way you measure it you w i l l  have cer ta i r ,  
f a c t o r s ,  as Guy pointed ou t ,  t h e  r a t e  of discharge,  t h e  
temperature. A l l  of these  f a c t o r s  can come i n t o  t h e  absolute  
value t h a t  you determine, and what I say is t h a t  t h i s  i s  not  
necessary. 
What i s  necessary i s  t o  obta in  a r e l a t i v e  -- an 
2 4 
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accurate  measurement of the  r e l a t i v e  amount of pre-charge and 
t o  see  what e f f e c t  t h i s  has upon cel l  performance. 
SCOTT: Sco t t ,  TRW. 
I wonder i f  t h i s  af ternoon w e  cannot,come t o  one 
t e n t a t i v e  conclusion, o r  whether we cannot, t h a t  electrochemica. 
measurement is  not  l i k e l y  t o  g ive  u s  a reproduceable measure 
of pre-charge. And then w e  can go on from there.  
I ' ve  heard severa l  comments t o  t h e  e f f e c t  t h a t  
va r i a t ions  on maybe one c e r t a i n  way a r e  a b l e  t o  measure pre- 
charge r e l i a b l y .  I ' m  n o t ' s u r e  whether t h a t ' s  t h e  message o r  
not. But I wonder i f  somebody u~ould .want , to  comment on t h a t ?  
DUNLOP: L e t  m e  comment. I'm s i t t i n g  here kind of 
l i k e  a c a t  on a h o t  t i n  roof because I ' d  l i k e  t o  go up and 
make a presenta t ion .  -- 
(Laughter. ) 
-- which i s  very re l evan t  to a l l  this discussion,  f rankly ,  
because we've been miiking these  measurements f o r  two years and 
we'd l i k e  t o  show what w e  have, and I th ink  they might lend somc 
l i g h t  OR t h i s  whole discussion as t o  what -- how repeatable  
these type of measurements can be. 
And f rankly ,  t o  tell you the  t r u t h ,  we've been 
measuring GE cells and the  measurements we g e t  show t h a t  t h e  
r e s u l t s  a r e  very cons is ten t .  As a matter  of f a c t  it shows t h e i :  
pro ?ss is i n  very good cont ro l .  As a matter  of f a c t  it shows 
t h a t  t h i s  method of running it i n  r e v e r s a l  g ives  you very 
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repeatable  r e s u l t s  a f t e r  about the  f i r s t  30 o r  40 cycles .  
EIAUliER: L e t ' s  g e t  on with t h e  d a t a  and save some 
of the philosophy u n t i l  l a t e r  then. 
J i m  w i l l  give. a d i s s e r t a t i o n  on some of h i s  
measurements. 
DUNLOP: D r .  Font j u s t  go t  done descr ib ing  t o  you 
about an hour ago -- 
(Laughter. ) 
-- h i s  method f o r  ad jus t ing  t h e  pre-charge a t  t h r e e  d i f f e r e n t  
l e v e l s ,  measuring it and what t h e  e f f e c t s  were i n i t i a l l y  and 
a f t e r  some 30 cycles  on the pre-charge i n ' t e r m s  of the pressure 
l e v e l  andampere hour capacity.  
I might say t h a t  t h e  reason t h a t  we entered  i n t o  . 
t h i s  con t rac t  s t a r t i n g  about a year ago, I guess,  was t h a t  we I 
wanted t o  evalua te  exact ly  what D r .  Font has done, what SAFT 
has done, and we're very with the r e s u l t s .  And I 
th ink  f ina l ly -  You know, t h e  problem f o r  a long t i m e  was 
t h a t  nobody would r e a l l y  d iscuss  t h i s  very openly because it I 
was i n  some kind of a p::oprietary category o r  something, and now 
it seems t h a t  everybody wants t o  d i scuss  i t  i n  depth. 
We planned t o  take those c e l l s  from SAFT w i + h  the 
d i f f e r e n t  pre-charge l e v e l s  and opera te  them i n  synchronous 
appl ica t ion  and t r y  and determine what t h e  e f f e c t s  of tba ' I 
d i f f e r e n t  l e v e l s  are over long-term periods oi" t i m e .  What I 
they have done i s  show what the e f f e c t s  a r e  over a s h o r t  period I 
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of time. 
Weehave a s  a background f o r  th!.s program a consider 
ab le  amount of experimental da ta  from ou t  Xnteisat-4:effort .  
W e  s t a r t e d  a program i n  19G9 t o  s imulate  the In te lsa t -4 ,miss ion  
with the  only va r i ab le  being t h i s  s torage  mode. We picked 
. 
three  d i f f e r e n t  s to rage  modes a t  t h a t  t i m e .  
The s torage  modes we used were t r i c k l e  chcrged 
continuously during s torage;  open c i r c u i t  charged with re-  
conditioning every 30 days; and open c i r c u i t  discharged. 
Now we decided i n  the  course of t h a t  program t h a t  
we'd p u l l  a cell o u t  from each of these  s to rage  modes every 
s i x  months, every e c l i p s e  season, and analyze t h a t  c e l l  and 
we had t o  pick a couple of years  ago the procedure that we 
wonld use t o  analyze it. 
A t  t h a t  time, t h e  procedure w e  used was the  pro- 
cedure t h a t  w a s  recommended by D r .  Flasher ,  being used a t  
Battelle f o r  analyzing the negative. The only th ing  t h a t  we 
added t o  t h a t  procedure, f rankly,  was our .  approac3 t o  dcing 1 
' i n  what we consider  a l i t t l e  more cons i s t en t  manner. And I 
don ' t  necessar i ly  want t o  go i n t o  the  f i n e  points .  
We have documented t h a t  procedure and described i t ,  
I thought i n  some d e t a i l ,  l a s t  year.  Gerd Van Ohnring and I 
made our presenta t ion  l a s t  year along with D r .  Parry who 
described the  p o s i t i v e  ana lys i s  t h a t  he was using a t  t h a t  t i m e .  
What I ' d  l i k e  t o  do today i s  show some of t h e  
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r e s u l t s  from t h a t  progxam. And when I show these  r e s u l t s ,  I 
want t o  say t h a t  I be l ieve ,  based on these r e s u l t s ,  t h a t  we a r e  
g e t t i n g  ourselves i n  the  pos i t ion  of being able  t o  make some 
measurements which do make sense and can be used t o  evalua te  
o r  est imate what the  l i f e t i m e  expectancy o f  those c e l l s  is goin, 
. 
t o  be i n  a synchronous appl ica t ion  and t h a t  under the  type of 
operat ing condi t ions we axe p r e t t y  su re  w e  expect t o  see i n  a 
synchronous appl icat ion.  
It may or may no t  $0 Carmane o r  r e l evan t  t o  t h e  
30-60 minute cycle. 
With t h a t  i n  mind, I a m  going t o  s tar t  with my 
f i rs t  graph here. 
(S l ide .  179.  ) 
The d a t a  t h a t  I ' m  present ing here is da ta  on the  
pre-charge cadmium v a r i a t i o n  with t i m e  determined f o r  c e l l s  thal 
were ' t r i c k l e  charged during t h e  s torage  mode. 
The zero reference  po in t  here is  a c t u a l l y  a 
measurement made when the c a l l s  have gone through a normal ac- 
ceptance t e s t i n g  program e i t h e r  a t  Hughes A i r c r a f t  o r  a t  Cornsat 
so they have already been t h r o ~ g h  a t  least 30-60 cycles .  A t  
t h a t  po in t  i n  t i w e  we found t h a t  a l l  the cell3 t h a t  we've lookec 
a t  -- and I ' m  only showing t h r e e  on t h i s  graph, h t  w e  must havt 
looked a t  approximately 10 or  20 with t h i s  method. In  a l l  the 
c e l l s  t h a t  we've looked a t  so far ,  t h e  to ta l  pre-char!;: 
Jetermined by both chemical and e l e c t r x h e m i c a l  analysis, .  has 
24 
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been 12 ampere hours p l u s  o r  minus one ampere hour. 
N a w ' I  t h ink  t b a t  i n d i c a t e 3  t h a t  t h e i r  p rocess  is  
i n  p r e t t y  good c o n t r o l  when they se t  the pra-charge,  
The amount o f  prz-charge determined e l e a t r o -  
chemically is also f a i r l y  uniform a t  t h i s  p c i n t  i n  time. It ha, 
been about s i x  ampere h c u r s  p l u s  or minus cne ampere hour . 
determined e lec t rochemica l ly .  Tha t ' s  t h e  eLectrochemically 
measured pre-charge a t  a C over 2 rate, no one-ohm resistor 
o r  anything else. 
Aud w e  use  t h e  C over  2 rate,  j u s t  l i k e  everybody 
e k e  does,  because that 's the way v e ' r e  running t h e m  i n  o r b i t .  
We're using about a C over  2 rate, SO w e  d i scharge  it d m n  
- igh t  throcgh on r e v e r s a l .  We puncture  t h e  cell and we also 
measure the gas  s o  t h a t  the amount o f  gas  that escapes  has  t o  
correla' wi th  t h e  number of  ainpere hours that we measura, 
A e t e r  we completely d h c h a r g e  t h a t  ce l l  t o  h a l f  a 
v o l t  we c u t  it open w i t h  t h a t  famous Goddard c u t t e r  and p u t  
it i n  a n i c k e l  s o x l a t  and e x t r a c t  t h e  e l e c t r o l y t e ,  and then  
w e  t ake  t h e  p l a t e s  o u t ,  d ry  them, and perform t h e  famous 
muskrat a n a l y s i s  t o  determine how much'chaxged cadmium is 
remaining. 
The charged cadmium remaining has  been s ~ m e t h i n g  
between 5 and 7 ampere hours a t  t h i s  p o i n t  i n  t i m e  so t h a t  the 
t o t a l ,  adding toge the r  t h e  arnourik of charged cadmium remaining 
and t h e  amount of charged ~- :dmiur  measured e lec t rochemica l ly  
4 ebdS 1 1  comes ou t  t o  be t h i s  12 p lus  o r  minus one ampere hours. 
I 
1 
2 Nowathe i n t e r e s t i n g  thing about t h i s  d a t a  is t h a t  
w e  continued dcing t h i s  ana lys i s  a f t e r  one e c l i p s e  season, two 
e c l i p s e  seasons, three e c l i p s e  seasons and up t o  four.  That 
5~ 
represents  cells on test s ince  t w o  and a ha l f  years  now, and 
. 
J 
I I 6 what w e  are observing is t h a t  a f t e r  one e c l i p s e  s e a s o n , - t h e  ? 7 amount of electrochemical measured pre-charge increased from 
8 the i n i t i a l  value of about s i x  up to  about e igh t .  I n  the secon II 
91 season it was s t i l l  about e igh t .  I n  t h e  t h i n ?  season it was 
10 s t i l l  about e igh t ;  a c t u a l l y  it was dropping o f f  a l i t t l e  b i t ,  I 11 but  t h i s  kind of v a r i a t i o n ,  seven and a ha l f  t o  e ight .  
So t h a t  the amount of pre-charge t h a t  we a r e  neasur 
ing up t o  two years  now electrochcmically is f a i r l y  consis tent '  
14 f o r  t h e  c e l l s  I t h a t  looking at.  
l5l And i f  w e  take t h e  amount of  pre-charging t h a t  we 
16 1 measured electr&hernically .-- Each time w e  a l s o  determine the  
*O I1 Now w e  a c t u a l l y  expect t h a t  t o  happen because of t h  
17 
t 18 
19 
21 l e v e l  of carbonate buildup t h a t  we 're  observing i n  t h a t  c e l l ,  
amount of pre-charge from a'chemical ana lys is  and w e  continue 
t o  come up with-- Actually it looks l i k e  t h i s  pre-charge is  
increasing s l i g h t l y  with t i m e .  
; 6 
and t h i s  l i n e  t h a t  I p u t  on r i g h t  here  i s  a l i n e  which just 
23 r e l a t e s  t h e  l e v e l  of carbonate buildup t h a t  we're observing I ( 2411 with t i m e  t o  what w e  would expect t h a t  t o  do i n  terms of  chang- 
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These p a r t i c u l a r  c e l l s  a r e  made with t h e  pe l lon  
separators .  
. (Sl ide  '180. ) 
This d a t a  shows t h e  cc %onate buildup observed w i t h  
t i m e .  A t  t he  same zero p o i n t  i n  time o r  a f t e r  t h e  c e l l s  have 
been through t h e  30 cycles  of burn-in, w e  measure about f i v e  
grams of carbonate i n  t h a t  e l e c t r o l y t e  and we measure f i v e  
grams of carbonate -- i t ' s  r e a l l y  about f i v e  and a h a l f ,  and 
i t ' s  very close- A l l  t h e  ceLs t h a t  we've analyzed have some- 
th ing  very c lose  t o  around f i v e  o r  f i v e  and a ha l f  grams of 
carbonate i n i t i a l l y .  
As a matter  of f a c t ,  t h e  SAFT,cells have a carbonat 
l e v e l  i n  t h e i r  c e l l s ,  too,  and percentage-wise i t  is  almost 
the same. I r e a l l y  don ' t  know why they have t h i s  problem but  
I think t h i s  has becn discussed e a r l i e r  and I th ink  it i s  
coming fxom the  p la te s .  
W e  no t i ce  t h a t  'as we  run these  c e l l s  and do t h i s  
ana lys is  again s i x  months l a t e r  -- The X ' s  here  represent  c e l l s  
t h a t  a r e  t r i c k l e  charged -- you w i l l  no t i ce  t h a t  t h e  carbonate 
l e v e l  i s  increasing; you're up t o  about- A f t e r  one e c l i p s e  
season, about s i x  and a h a l f ,  seven. You're up here about seve 
and a h a l f ,  e igh t ,  o r  seven and a h a l f  grams of carbonate with 
t i m e .  . 
Now t h e r e ' s  some spread on t h i s  da ta ,  obviously, 
but you do see  t h a t  t h e r e  is t h e  increase  i n  the  carbonate 
l e v e l  f o r  these c e l l s  and t h a t  Lf you go t o  a d i f f e r e n t  s to rage  
24 
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I .  
moc . i f  you go t o  a s torage  mode where you're not  continuously 
charging, v~here'you only have an oxygen environment or your 
oxygen environment i n  your cells i s  much lower, o r  a s  Dean 
Haurer pointed o u t ,  t h e r e  i s  maybe n o t  a chemical-reducing 
e f f e c t  b u t  an electxochemical reducing effect--  I d i d n ' t  hear 
t h a t  paper but  I heard about it yesterday. 
Ei ther  way, you would expect t h a t  t h e  c e l l s  t h a t  
were t r i c k l e  charged continuously would have a higher  r a t e  of 
carbonate buildup with t i m e .  
Based on these  r e s u l t s  w e  s o r t  of es t imate  t h a t  i f  
you are s t o r i n g  cells with a pe l lon  separa tor  i n  a t r i c k l e  char! 
node, you a r e  going t o  have a buildup of between 1.4 and 2 gram: 
of K2C03 per year i n  these  c e l l s .  I f  you r e l a t e  that-- You 
r e a l l y  need t o  r e l a t e  that to t h e  t o t a l  amount of e l e c t r o l y t e  
i n  your c d l .  
I bel ieve  t h a t  ' the  i n i t i a l  carbonate l e v e l  on a 
percent  weight b a s i s  is  izbout 25 percent  of t h e  KOH and so you 
can g e t  an idea ,  A t  this po in t  i n  t i m e  we're up t o  about 30, 
35 percent  by weight carbonate of your KOH. 
I 
(Sl ide .181. ) 
Again, i n  t h i s  test program w e  were running we were. 
As w e  analyzed theso c e l l s  a f t e r  we g o t  done taking t h e  c e l l s  
a p a r t ,  we d i d  take  some of the p l a t e s  'and run them i n  a flooded 
bath t o  determine what their u t i l i z a t i o n  was. 
You w i l l  no t ice  the u t i l i z a t i o n  is running- It 
starts ou t  a s  high a s  80 percent  when we f i r s t  rece ive  them; 
it drops down t'o about 75 percent  a f t e r  the  burn-in; a f t e r  
the  f i r s t  e c l i p s e  season i t ' s  t o  71, 72, 73 porcent ,  71, 72, 
73, 69 percent.  
So most of the change i n  u t i l i z a t i o n  appears t o  be 
. 
occurr ing i n  the  f i r s t  s i x  months t o  a year  and t h e r e a f t e r ,  
these c e l l s  appear t o  have, a t  l e a s t  i n  t h e  flooded e lec t ro -  
l y t e ,  a very cons i s t en t  u t i l i z a t i o n  of t h e  cadmium mate r i a l  
and i t ' s  about 70 percent.  
Now t h a t  number is not  too  d i f f e r e n t  from t h e  
number t h a t  D r .  Maurer presented t h i s  morning. I th ink  he was 
showing about 74, 75 percent  u t i l i z a t i o n  f o r  the B e l l  Labs 
p la te s .  
By t h e  way, I want t o  make one more comment here. 
This u t i l i z a t i o n  t h a t  we g e t  here  is p r e t t y  good 
and I do t h i n k  that Dean &rer has  possibly t h e  r i g h t  idea.  
To g e t  t h i s  kind of u t i l i z a t i o n  I do th ink  t h a t  you do need t o  
exerc ise  and overcharge t h a t  cell somewhat. And t h e  reason I 
say t h a t  is t h a t  of the  t h r e e  s torage  modes t h a t  we have -- and 
I ' m  no t  going t o  present  a l l  of  the  d a t a  today -- bu t  t h e  one 
mode t h a t  we threw o u t  a lready was t h e  mode i n  which we s to red  
the c e l l s  passively during t h e  e n t i r e  e c l i p s e  season. And 
those cells, by the t h i r d  e c l i p s e  season, s t a r t e d  t o  generate  
overvoltage p o t e n t i a l  and ind ica t ing  no overcharge p ro tec t ion ,  
ind ica t ing  t h a t  you couldn ' t  u t i l i z e  t h a t  cadmium f o r  overchargd 
2 4 
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pro tec t ion  when you were s t o r i n g  t h o s e . p l a t e s  o r  those c e l l s  
passively,  
But the  o the r  t w o  s torage  modes, t h e  one i n  which 
you exercised it every 30 days and t h e  one i n  which you con- 
t inuously t r i c k l e  charged, w e  have almost i d e n t i c a l  vol tages 
a t  the  end of charge, i d e n t i c a l  vol tage  performance from dis -  
charge, and they seem t o  have very s i m i l a r  c h a r a c t e r i s t i c s ,  
and I think we have very similar u t i l i z a t i o n  of t h e  cadn~ium, 
too. 
So it does r equ i re  some amount of overcharge and 
some amount of pe r iod ica l ly  exerc is ing  #ose p l a t e s  t o  maintai 
t h a t  u t i l i z a t i o a .  
(S l ide .  '182.) 
F ina l ly ,  i n  a b a r  graph fashion somewhat s i m i l a r  
t o  the  bar  graph again t h a t  D r .  Maurer presented t h i s  morning, 
w e  have looked ' a t  t h e  cadmium e lec t rode  a f t e r  burn-in, one 
e c l i p s e  season, two e c l i p s e  seasons,  and t h r e e  e c l i p s e  seasons 
and t h r e e  s torage  periods,  t o  determine.how t h e  cadmium mater i  
appeared t o  be d i s t r ibu ted .  
The bottom por t ion  here represents  unusable pre- 
charge determined from t h e  chemical analysis.' The second 
block here  represents  t h e  usable pra-charge determined e l e c t r o  
chemically by discharging t h e  c e l l  i n  t h e  r eve r sa l  and C over 
2 r a t e  t o  minus ha l f  a vo l t .  
Tho t h i r d  block hcre represents  t h e  p o s i t i v e  c e l l  

where the  por t ion  of t h e  cadmium hydroxide being 
ised i n  cycling'. 
The four th  block here represents  overcharge pro- 
And tho fifth block here would appear t o  be d i s -  
. 
:barged cadmium which can no longer be char,ged. 
The t o t a l  pre-charge a s  w e  de f ine  it appears t o  
:emain f a i r l y  cons i s t en t  o r  be on a s l i g h t  upgrade here. The 
lmount of non-usable pre-charge seems t o  be s tay ing  r e l a t i v e l y  
:onstant. The amount of usable pre-charge, again r e l a t i v e l y  
:onstant; only s l i g h t  changes. 
What pr imar i ly  concerns us  f o r  a seven-year mission 
.s the  amount of cadmium which appears t o  be the re  f o r  over- 
:harge protect ion.  W e  are beginning to  make predic t ions  based 
m the  kind of r e s u l t s  t h a t  we  are observing as t o  how long 
: e l l s  w i l l  l a s t .  We're making these  predic t ions ,  based on the  
And of measurements t h a t  w e  can take a t  t h i s  po in t  i n  t i m e  and 
. .  . 
 sing d a t a  of t h i s  type t o  ex t rapo la te  out.  
What we're predic t ing  is  t h a t  a f t e r  one year ,  t h e  
~ t i l i z a t i o n  of the  cadmium e lec t rode  w i l l  be about 70 percent ;  
:hat you w i l l  have a t  l e a s t  65 percent  u t i l i z a t i o n  of t h e  
unount of pre-charge mate r i a l  t h a t  you used. A f t e r  one year ,  
Aere w i l l  no t  be a s i g n i f i c a n t  change i n  the  pre-charge. 
So whether you measure it-- I f  you look a t  the 
!lectrochemical measurement, it r e a l l y  i s  immaterial t o  me 
i ~~ -Federr l  Reporters, Inc. 
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whether you make the  chemical measurement a t  t h a t  po in t  i n  time 
A l l  I'm saying 'is t h a t  a f t e r  one o r  two years  of time, there  
i s n ' t  going t o  be any change here. 
The amount of ,  overcharge pro tec t ion  is going t o  
remain about the  same a f t e r  one o r  two years  with one excep- 
. 
t i on .  As you have any method i n  t h a t  cell which is  going t o  
allow e i t h e r  oxidat ion of t h e  separa tor  a s  has already been 
described, such t h a t  the re  i s  going t o  be t h e  s h i f t i n g  i n  the  
pre-charge l e v e l ,  o r  any method which i s  going t o  cause posi- 
t i v e  method t o  increase  due t o  a t t a c k  of the  n icke l ,  as 
. . 
D r .  Font descr ibed,  o r  any o the r  s l i g h t  change i n  the  amount 
of cadmium hydroxide which becomes non-usable, as  D r .  llaurer 
described, a l l  these procedures tend t o  cut i n t o  t h e  over- 
charge protect ion.  
None of them r e a l l y  a f f e c t  anything down here but 
a l l  of them a f f e c t  t h e  amount of overcharge pro tec t ion .  
We estimate t h a t  a f t e r  you g e t  by one o r  t~:o years 
t h a t  you need about one t o  two percent  per  year cadmium over- 
charge pro tec t ion  s o  from t h a t  kind of an argument you can 
hypothesize how much overcharge pro tec t ion  you need to g e t  t o  
four-year l i f e ,  f ive-year l i f e ,  and six-year l i fe .  
On top  of t h a t  one or two percent  you've go t  t o  
have some v a r i a t i o n  due to  the  amo,unt of cadmium t h a t  you have 
i n  there  o r  the  amount af pre-charge t h a t  you p u t  i n  the re  
.I ' - 4  
and a s  I have pointed ou t ,  i n  these  p a r t i c u l a r  c e l l s  t h a t  
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v a r i a t i o n  i s  r e l a t i v e l y  small. 
I n  summary, I ' d  j u s t  simply l i k e  t o  say t h a t  we 
would l i k e  t o  see i n  a s p e c i f i c a t i o n  some type of procedure 
standardized t o  be used t o  evalua te  cells f o r  synchronous 
appl ica t ion  and I bel ieve  t h a t  w e ,  based on the kind of infor -  
. 
mation t h a t  w e  presented here ,  w e  axe g e t t i n g  c l o s e r  t o  being 
able t o  make t!!at kind of a predic t ion  based on t h e  kind of 
t e s t  program t h a t  we're proposing t o  run. 
I n  essence,  what I ' m  saying is t h a t  I think the re  
can be a t e s t  w r i t t e n  t h a t  w i l l  answer the  quest ion of how 
good is a c e l l  and how good a chance does .it have i n  meeting 
a five-year l i f e ,  based simply on t h e  type of meamxcmenks 
t h a t  you can make when you receive the  c a l l  and run i t  through 
a 30-cycle burn-in test.  
STEINHAUER: Steinhauer,  Hughes. . . 
J i m ,  I ' d  l i k e  t o  comment on the dischargeas torage  
mode i n  t h a t  I think you c a n ' t  use it without some low r a t e  
reconditioning. The quest ion I would l i k e  t o  ask is: 
I think I ' v e  been l i s t e n i n g  ca re fu l ly  bu t  Dean 
:;surer made a statement t h i s  morning t h a t  i n a c t i v e  cadmium i s  
predominantly i f  not  a l l  i n  t h e  charged cadmium mode. You have 
exhibited a very l a rge  por t ion  of i n a c t i v e  ma te r i a l  i n  the  
cadmium hydroxide ups ta i r s .  
D o  w e  have a controversy here or d id  I hear  wrong? 
DUNLOP: We have a controversy t o  some degree. I 
ice -Federal Repofterr, Inc. 
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th ink  you saw what D r .  Font presented. Now l e t  m e  review t h a t  
for a moment. , 
When we went through the  formation cycle ,  t h e  
r e s u l t s  w e  go t  i n  t h a t  program I think a r e  very s i m i l a r  t o  t h e  
kind of r e s u l t s  we go t  from any o the r  formation cycle ,  In  
o t h e r  words, w e  g e t  about a 1.7 t o  one r a t i o  of negative t o  
pos i t ive  mater ia ls .  
That 1.7 t o  one r a t i o  of negative t o  p o s i t i v e  means 
t h a t  the re  is not  enough ,?ompletely electrochemically u t i l i z i n g  
t h a t  negative p l a t e  a t  t h a t  t i m e  because you're p u t t i n g  i n t o  
t h a t  negative p l a t e  a b u t  a two t o  one r a t i o .  
When SAFT does t h e  ana lys i s  they show a two t o  one 
r a t i o .  They show t h a t  i n  t h a t  72 ampere hour p l a t e ,  f o r  
example, t h a t  D r ,  Font descr ibed,  t h e r e  were t h r e e  o r  four  
ampere hours of charged cadmium t h a t  couldn ' t  be discharged 
i n  the  analys is ' and  the re  wore s i x  t o  e i g h t  ampere hours of 
discharged cadmium. ' 
Just, using those nmwhore, that means t h a t  t h e r e ' s  
something l i k e  f i v e ,  s i x ,  o r  e i g h t  ampere hours of discharged 
cadmium i n i t i a l l y  i n  t h e  formation cycle  which cannot be 
u t i l i z e d .  
D r .  Maurer t h i s  morning medo a statement t h a t  i f  
you converted some of t h i s  cadmium i n  a charged s t a t e  t o  
discharged cadmium, then it may become nonusable. A por t ion  of 
it o r  a l l  of it w i l l  become norius8blo. 
331 
STEXNHAUER: Was t h a t  a l im statement o r  an un- 
c e r t a i n t y ?  
1 :  That' s an uncertainty.  
FORb : Ford, IASA/Goddard. 
J i m ,  i n  your- You indica ted  your overcharge 
capab i l i ty  had diminished because you cadmium you could not  
charge. Have you t r i e d  tr, f ind  ou t  why it c a n ' t  be charged, 
what form i t ' s  in .  
DVNLOP: Well, the  ana lys i s  says i t ' s  discharged 
cadmium t h a t  c a n ' t  be charged. Yc.u know, i t ' s  cadmium hydro- 
xide t h a t  c a n ' t  be charged. 
FORD: Why? What t i e s  I t  up? 
DUNLOP: Of Courlle the re  a r e  a l o t  of arguments 
here. We don' t  know t h e  r i g h t  answer. There were some pic- 
tures t h a t  Halpert  showed t h i s  morning, very i n t e r e s t i n g .  He 
showed, for  example, some kind of a glob -- excuse t h a t  word -- 
of cadmium hydroxide and cadmium i n  which he showed that--  He 
pointed t o  the darker  and l i g h t e r  ayeus 'and he showed t h a t  the  
outs ide  of t h i s  b a l l  was cadmium hydroxide and the  i n s i d e  was 
cadmium. 
Now, if that were t h e  case you would not  be able  
t o  discharge thak cadmium i n s i d e  there.  That would explain 
discharged cadmium t h a t  could no t  be charged.-- I s a i d  it tho 
wrong way. 
SCOTT: Sco t t ,  TNV. 
A t  the  r i s k  of being r e p e t i t i o u s ,  I don ' t  think 
t h a t  I caught ybur experimental method of d is t inguish ing  in-  
ac t ive  from a c t i v e  discnarged cadmium. Analyt ical ly ,  how do 
you do tha t?  
DUNLOP: D o  you want to know the  discharged cadmium' 
. 
How I d id  it on- Okay. 
SCOTT: You have a bar c h a r t  showing-. A t  the top 
you have two forms of  discharged excess cadmium o r  discharged 
cadw4.um. How do you experimentally determine those two blocks? 
DUNLOP: Okay. For a l l  the d a t a  t h a t  is presented 
here w e  s t a r t e d  our ana lys i s  by f u l l y  charging o r  charging a t  
a C over 1 0  r a t e  f o r  16 hours t h e  cell, then discharging it 
down, running it i n  r eve r sa l ,  and then opening it up. 
We then took t h e  cell apart and measured the 
flooded capacity of the negat ive p l a t e s  and w e  assumed -- and 
t h i s  is,  by the way, i f  anything I th ink  probably an op t imis t i c  
assumption, t h a t  t h a t  represents  the amount of cadmium t h a t  can 
be -- The flooded p l a t e  electrochemical measurements i n d i c a t e  
t h e  amount of cadnilurn that  can be used i n  the  cell . .  
I f  t h a i l s  t h e  case then you simply go from here t o  
here. That8 s the  d i f fe rence  from here t o  here. 
. Now if t h e  ac tua l  dry  -- i n  the s tarved  condition - a  
u t i l i z a t i o n  of the  cadmium i s  l e s s  than t h a t ,  t h i s  l e v e l  is 
going t o  move down. What w e  intend t o  do next  time- We've 
had this question ra i sed  before,  s o  what w e  intend t o  do next 
24 
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time a r w n d  is  s a c r i f i c e  t h e  measurement of t h e  pre-charge 
, i 
by charging the' c e l l  up and then venting oxygen and measuring 
the quant i ty  of oxygen t h a t  we  vent  u n t i l  w e  g e t  t o  an over- 
vol tage condition,  and d o , i t  on t h a t  b a s i s  t o  confirm the  
measurement t h a t  we a r e  cu r ren t ly  making, 
GROSS: Sid  Gross, Boeing. 
J i m ,  you s a i d  you had t h r e e  methods of charge, 
/ t h r e e  methods of s torage ,  two on open c i r c u i t  and the  one t h a t  
was open c i r c u i t  discharged d i d n ' t  charge up very w e l l  whereas 
t h e  one t h a t  was open c i r c u i t  charged and reconditioned 
pe r iod ica l ly  worked o u t  a l l  r i g h t .  I presume t h a t ' s  co r rec t?  
DUNLOP: No. What I s a i d  w a s  t h a t  the one t h a t  was 
s to red  discharged developed high vol tage c h a r a c t e r i s t i c s  during 
t h e  eclipse cycle, went t o  overvoltage, went over a 1.5 v o l t s ,  
went up t o  1.5 v o l t s  a t  75 degrees F. 
I GROSS: And the one t h a t  w a s  open c i r c u i t  charged 
and per iod ica l ly  reconditioned, how d i d  t h a t  work out?  
DUNLOP: Fine. 
GROSS: Okay, 
Do you a t t r i b u t e  t h i s  t o  t h e  discharge p a r t  of the  
1 conditioning process o r  t o  the overc11arg.e t h a t  probably fo2lowe 
! 
I it? 
DUNLOP: I a t t r i b u t e  it t o  the  f a c t  t h a t  we were 
1 s t o r i n g  the  c e l l  almost completely discharged. h o the r  words, 
I t h i s  would a l l  be cadmium hydroxide and when w e  t r i e d  t o  
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u t i l i z e  the c e l l  a f t e r  normal recondit ioning by t h e  normal 
procedure t h a t  we proposed to  use -- t h a t ' s  by a couple of 
cycles  of reconditioning before the ec l ipse ,bu t  dur ing  t h e  
e c l i p s e  season h~ t he  30 or 40 cyc le  -- over 50 percent  of 
k&. 
these  c e l l s  were beginning t o  go t o  -- had pu l l ed  o u t  fron 
what the  o the r  c e l l s  with the o t h e r  s to rage  modes overvoltage 
p o t e n t i a l  was had pul led  ou t  t o  the hydrogen evolut ion poten- 
t i a l .  
GROSS: W e l l ,  I understood you t o  say open c i r c u i t  
charged f o r  t h a t  second mode. Was it open c i r c u i t  charged o r  
open c i r c u i t  discharged? 
DUIJLOP: W e  had an open c i r c u i t  charged which w e  
reconditioned every 30 days. That mode i s  behaving okay. 
we had open c i r c u i t  discharged with no recondi- 
*ning, o r  what I mean by t h a t ,  no condi t ioning during t h e  
s torage  period, We d i d n ' t  condi t ion it every 30 days; we 
reconditioned it before going i n t o  t h e  ec l ipse .  
RAMPEL: 'Guy Rampel, General Electric. 
1 
On the s to rage  mode tha t  gave you overvoltage,  1 
think you s a i d  t h a t  i n  t h a t  p a r t i c u l a r  case the cadmiuh hydro- 
xide t h a t  was t he re  was n o t  ava i lab le .  
DUNLOP: I t  would appear so because we generated 
high voltages.  
RAT4PEL: Okay. So l ikewise on t h e  upper bar  chart 
t he re  where you ind ica te  discharged cadmium hydroxide which 
cannot b~ charged. 
And now, going back to  t he  discharge mode of 
s torage ,  apparently a s  wc are a l l  awar*, the  c e l l  caa be re- 
conilitioned and t h a t  cadmium hydroxide be made ava i l ab le  again, 
s o  tlh-,t I wacted t o  suggest -- 
DUNLOP: Guy, you're t a lk ing  about a d i f f e r e n t  mode 
of storage. If  you're t a lk ing  about shor t ing  a , ce l l  with a 
+  re, .r t h a t ' s  a d i f f e r e n t  mode than leaving t he  cell discharged 
open c i rcui ted .  That's a :ather f i n e  point  bu t  it is a l i t t l e  
d i f f e r en t .  . 
RAMPEL: Okay. What I'd l i k e  t o  suggest though 
nevertheless  is  t h a t  there is an equilibrium of avai lable  
cadmium down below between t he  ac t i ve  and inac t ive  and perhaps 
a t  t he  t& t he r e  is likewise an equilibrium s i tua t ion .  
* 
Par t i cu l a r l y  the  cha r t s  we're looking a t  r i g h t  now determined 
s t a t i c a l l y  flooded and i n  the &led cell, the re  may be a r a t i o  
The a v a i l a b i l i t y  may sh i f  t. 
SCOTT:. Scot t ,  TRW. 
J i m ,  you're t a lk ing  about t h i s  discharge s torage 
mode and the results you got when you s t a r t e d  cycling t h a t  i n  
a normal ec l ipse  season. Did you- Have you taken apar t  
cells s tored  i n  t h a t  mode and then measured the  ac tua l  amount 
of discharged negative mater ia l  o r  character ized it i n  any 
o ther  way t o  corroborate your theory t h a t  i t ' s  inac t ive  d is -  
charge material .  
DUNLOP: We have done t h a t  and there are a couple 
>f things we've found out. 
F i r s t  of a l l ,  I have only shown here the  data  t h a t  
fe have from the t r i c k l e  charge mode. I n  the modes where we 
. 
store passive we-- Actually you lose  u t i l i z a t i o n  of t he  pre- 
:harge cadmium, i n  other words the  charged cadmium t h a t  can't' 
x discharged, as w e l l  a s  the  discharged cadmium t h a t  can ' t  be 
zharged. I d idn ' t  bring any graphs along t o  show t h i s  point  
3ut by the  t h i rd  ec l ipse  season we f ind ,  using t h i s  same 
lrrethod of reversing and electrochemically t ry ing t o  measure 
?re-charge t h a t  we are only able  t o  measure one or  two ampere 
lours ra ther  than the  e igh t  - ampere hours t h a t  I ' m  showing here. 
ma t ' s  the first point  I want to  make, D r .  Scott .  
E b  we're showing t h a t  during these passive storage 
nodes we are not  ab le  t o  u t i l i z e  the  cadmium.-- pre-charge 
:admiurn. That's the  f i r s t  point. 
: The second point  is t h a t  we're not able t o  u t i l i z e  
as much of the  discharged cadmium. One'of the  problems t h a t  
se didn ' t  do and that- See, the cor rec t  way t o  measure t h i s  
if you r ea l ly  run i n t o  a problem i s  going t o  a venting tech- 
nique. Then once you already a re  a t  the  hydrogen evolution 
potential ,  there is no longer any point  i n  going t o  a venting 
technique ; you're already the  point  t h a t  s t a r t e d  venting 
to g e t  to.  
SCmINJ : Schulman , Gulton. 
-.* 
Jim, did  you ever  attempt t o  neasure the pre-charge 
by one-ohming them r a the r  than by discharging a minus .5  a t  
C over 2 rate? 
DALTON: No. . 
FORD: Fcrd, XASA/Goddard. 
J.h, I can't l e t  you pass one point  t h a t  you- 
Perhaps it was a sub t l e  po in t  bu t  I don ' t  think it is  qu i t e  so  
subt le .  I n  the di f ference  i n  s torage  modes where your:dis- 
charged open c i r c u i t  a r e  t r u l y  s tored  i n  a shorted condition; 
as was presenked l a s t  year by Steve Gaston,sorne experience 
on the OAO program comparing cells t h a t  had been s tored  f o r  a 
period of one year  i n  a shorted condition, w e  saw no s ign i f i -  
can t  change i n  the overcharge voltage a t  room temperature 
or a t  zero degrees C. 
W e  have seen similar t e s t s  recent ly  a s  was mentionec 
yesterday, but  w e  a l s o  have some da t a  from the ITOS ba t te ry ,  
two of them, i n  f a c t ,  t h a t  was used a s  backup b a t t e r i e s  -- Thesc 
w e r e  GE four.ampere hour cells t h a t  were manufactured -- I ' m  
r e ca l l i ng  from memory now, bu t  I think it was e a r l y  cr some 
time i n  1968. These cells were fabr ica ted ,  b u i l t  i n t o  bat ter iez 
t h e  cells went through the  acceptance test, t he  b a t t e r i e s  went 
through acceptance test, and then they were pu t  i n  a s torage 
mode. 
The storage mode ca l l ed  f o r  t h e  cells t o  be dis- 
charged and shorted bu t  it was an oversight  and t he  c e l l s  were 
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left open c i r c u i t .  1 
This summer we were asked t o  evaluate those bat- 
teries as far as f l i g h t  worthiness t o  be used again i n  a back- 
up spacecraft .  The only change w e  observed on those cells from 
3 e  i n i t i a l  capacity that we had was t he  change i n  the  over- 
charge voltage a t  l o w  temperature. Those cells could not  be 
overcharged a t  zero degrees C.F. and inc iden ta l ly  w e  h a d '  
manufacturer's da ta  t h a t  w e  were repeat ing a test  that t he  
manufacturer had conducted a t  the cell l e v e l  when he made the 
cells. 
?Chose cells could not  take an overcharge as l o w  as 
C over J O .  ' I n  f a c t ,  it is s a f e  to say those cells couldn ' t  
be overcharged a t  zero degrees C. a t  C over 100  without exceed- 
ing a voltagk of 155 v o l t s  per cell. 
So I ' d  l i k e  to  po in t  ou t  that I think t he  s torage  
node 'gets  critical even when you t a l k  about discharged open 
c i r c u i t  o r  a shorted mode, 
DUNLOP: W e l l ,  Floyd, maybe I missed t h e  point .  
The discharged c e l l s  were the  ones t h a t  gave us t he  problem. 
FORD: Y e s ,  t h a t ' s  t he  same experience w e  had, 
discharged but  not r e s i s t e d  down and shorted out. 
DUNLOP: I didn't 'mean to pass t h a t  over a s  t h e  
r i g h t  point.  , 
I wanted t o  add one thing t o  D r .  Sco t t ' s  ,comment. 
Let m e  add one thing more, D r .  Sco t t ,  t o  t h i s  cornme1 
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about the amount of cadmium t h a t  can be used. 
I n  the cells t h a t  we have s tored i n  the  passive 
modes, both of those groups, we were not using our normal 
method of discharging the, cell down. W e  w e r e  only able t o  
measure one o r  two ampere hours elsctrochemically of cadmium 
i n  a pre-charged state. 
W e  followed exactly the  same ana ly t ica l  procedure 
and measured 10 t o  11 ampere hours of cadmium remaining i n  a 
charged s ta te  from the  chemical analysis  'so t h a t  the t o t a l  
measurable pre-charge adding the  electrochemical measured 
value t o  the chemically measured value gave the same t o t a l  that 
we would expect to get .  
FORD: Ford, WA/Goddard. 
One other point I'd l i k e  t o  make- h d  l e t q s . g o  
back t o  the basic question. Why are w e  t ry ing t o  measure pre- 
charge? Is it i n  f a c t  t o  e s t ab l i sh  the  overcharge capabi l i ty  
of the cell?' That was the  o r ig ina l  i n t en t ,  back when we  f i r s t  
got  in teres ted  i n  th i s .  
So perhaps the technique is t o  l e t ' s  j u s t  t r y  t o  
come up with a technique t o  measure the overcharge margin t h a t  
we have i n  the c e l l  and forget  about measuring pre-charue. 
DUNLOP: W e l l ,  Ford, look, maybe t h a t ' s  f i ne  but  
when I buy a cell from a ba t te ry  manufacturer -- and t h i s  is 
what I think is germane t o  the  point  -- I ' m  going t o  specify 
a ce r t a in  posi t ive  t o  negative r a t i o .  I ' m  going t o  go ahead 
and I'm going t o  specify a ce r t a in  amount of t h a t  r a t i o  of 
excess cadmium t h a t  I ' d  l i k e  t o  have f o r  overcharge protect ion.  
Based on what Dean Maurcr s a id ,  I am a l s o  going t o  
specify a t  l e a s t  10  percent  of t h a t  cadmium elec t rode  i n  a 
pre-charge s t a t e  because I don' t  want hydrogen t o  be evolved 
i n i t i a l l y  when I start char9ifigand ac tua l ly  we've seen this 
kind of problem can happen. You do need a small amount of pre- 
charge i n  there ,  something l i k e  a b o ~ t  10 percent,  and t h a t ' s  . 
I didn't make any comment here bu t  I think i f  I 
were going t o  make a cell today and specify today with a posi- 
t i v e  t o  negative r a t i o  of 1.7 t o  one measured electrochemically 
and two t o  one chemically, I would request  t h a t  the ba t te ry  
manufacturer put  10 percent of h i s  cadmium i n  an uncharged 
s t a t e  s o  t h a t  he has the capab i l i ty  t o  achieve the sevenyear  
mission. 
And I have t o  do something i n  order  to be able  t o  
determine t h i s ,  t o  make this measurenient. 
There a r e  a number of po in t s  being brought up 
here,  and I would lPke to  spend a moment t o  expound on the  
i s s u e  of hydrogen-free capac i ty  on cadmium e lec t rodes .  
The charging process  on the cadmium e lec t rode  
c o n s i s t s  of cadmium hydroxide going i n t o  so lu t ion  to 
cadmium hydroxide ions  which are then  electrochemical ly  
reduced to  cadmium on the electsode,  T h i s  is  a so luble  
in te rned ia th  etep,  i t 's a chemical step and it has  nothing 
t o  do with t h e  electxochemistry,  
.So that t h e  vol tage ,  or the po la r i za t ion  on the 
negat ive e l ec t rode  is con t ro l l ed  not  by t h i s  s t u f f  bu t  by 
the concentration of this i n  t h e  e l e c t r o l y t e ,  
So t h a t  i f  you have a lot  of very small  cadmium 
hydroxide c r y s t a l s  the quan t i ty  of cadmium hydroxide i n  
so lu t ion  is high and the p o l a r i z a t i o n f i x  this r eac t ion  is 
low, and proceeds nicely.  
Whar. you have b:Lg c r y s t a l s ,  o r  when t he  e l ec t rode  
is mostly charged, and you have a few la rgo  chunks remaining, 
the rate a t  which t h i s  r eac t ion  can go now w i l l  be t h e  rate 
l imi t ing  one, s o  t h a t  the concentrat ion of t h i s  i n  t h e  
e l e c t r o l y t e  w i l l  f a l l  and consequently t h e  po la r i za t ion  f o r  
t h i s  reac t ion  w i l l  go up. 
Now as it goos up it reaches t h e  po in t  where the  
r eac t ions  going on a t  tho  electrcde conpote ' s t rongly  vfith tho 
t 
water going t o  hydrogen reac t ion ,  whose po la r i za t ion  is  
, 
# 
normally lower than t h i s  one, --is highor than this one. 
But when t h i ~  concentrat ion drops, t h i s  po la r i za t ion  cones 
up, And t!!en t h i s  one takes over, 
So t h a t  the concept of cadmium hydroxide which 
is e lec t rocher~ ica l ly  inac t ive  is perhaps a l i t t l e  b i t  m i s -  
leading, What w e  r e a l l y  mean is t h a t  i t 's  func t iona l ly  in- 
ac t ive ;  t h a t  i f  you put  the e lec t rode  i n  a fiooded state 
and charged it f o r  a long time, I th ink  you could g e t  it a l l  
chargedt the re  would be no cadmium hydroxide remaining on 
the e lec t rode  a t  a l l ,  
But the p o i a t  is that most of it would have bezn 
charged -- o r  some of it would have been charged with the 
evolution of hydrogen; which w e  don ' t  want i n  the sealed 
c e l l ,  
So t h a t  when we've been t a l k i n g  about i n a c t i v e  
cadmium hydroxide, what we mean i s  cadmium hydroxide exis t ing  
i n  such a state, such as i n  l a r g e  crys ta ls4  and these could 
r e s u l t  from high tempematwe s torage  o r  high temperature 
overcharge, o r  a whole v a r i e t y  of ways; these  c r y s t a l s  now 
provide too  l i t t l e  cadmium i n  so lu t ion  to  s u s t a i n  t h i s  
reac t ion  wi t lou t  hydrogen evolut ion,  
So t h a t ' s  what we man. 
This  is  why i t ' s  r a t h e r  indefinable ,  o r  why 
measurements of it are many times misleading, Because j u s t  
what you c a l l  'innctive' deponds on j u s t  what condit ions you 
have and what condi t ions you're t r y i n g  t o  measure. 
If you t r y  to  measure it on vexy rap id  charge 
c h a r a c t e r i s t i c s ,  you ' l l  f i n d  you have a lo t  of inac t ives t  
i f  you do k t  very slowly you ' l l  have less. And s o  on, 
So I think we have t o  bear t h a t  i n  mind, 
The r eac t ion  is: CdOH taken twice, going t o  . 
CdOH taken th ree  times, with a minus sign, And then t h i s  
i s  followed by electrochemical s t e p  i n  which Cd-zero i s  
formed, 
, STEI1JHAUER: Steinhauer,  Hughes, 
A two-part questiori, F i r s t ,  Dean, t h e  cells 
you described t h i s  morning f o r  Be l l  rtelephone service, are 
these shallow depth use or deep? 
~~?LURER: Well, they ' re  designed f o r  deep, 
100 percent  discharge,  
STEINHIIUER: I w a s  j u s t  wondering, then, on 
this amount of pre-charge necessary f o r  long l i f e ,  how much 
t h a t  percentage n igh t  he, A d t h e n  I 'wanted t o  ask J in  
i f  he would put  t h a t  XO percent  i n  an i n a c t i v e  form or i n  
an a c t i v e  form? 
ElAURERt I'm not  s u r e  t h a t  X understand what 
t h e  first part of your quest ion I s ,  But we would put  about 
10 percent  pre-charge i n  an ac t ivo  borw, We would start 
with t h e  e lec t rode  a s  i t ' s  formed i n  t h e  cell, and remove 
enough oxygen to  give us an add i t iona l  :O percent,  roughly. 
- GASTOH: Gaston, Grumnan. 
I have a quest ion t o  J i m ,  I be l i eve  one of h i s  
f i r s t  comments was i n  the pre-charge adjustment t h a t  the 
procedures w e r e  con t ro l l ed  and repeatable,.  
I f h a t  is the pre-charge adjustment procedure? 
I don' t bel ieve  you camented  on that, 
DUNLOP: I don' t  want to  answer f o r  G.E., and 
I really don't  know, so I r e a l l y  shouldn't  say, But I do 
k n w  that they do a c e r t a i n  amount of oxygen venting; and 
I don' t  know how much, and I don' t  know anything else . 
about it, But I do believe it's an oxygen vent ing technique 
t!!at they use, -, 
:And the only p o i n t  I made was not  hots it was done 
but  the f a c t  t h a t  our  measurements show t h a t  the amount of 
precharge that they ' re  pu t t ing  i n  t h e r e  is repeatable  fA m 
cel l - to-cel l  and from lot- to- lot ,  
GASTOi?: My comment to  t h a t  is, I bel ieve  we  
would l i k e  t o  look for procedures which we  can spec i fy ,  
which a r e  repeatable ,  I ' m  juot  wondering i f  that procedure 
can be made know, o r  is t h a t  a propr ie tary  proprietary.  
DUNLOPt There's another po in t  here, I want to 
make very clear t h i s  p a r t i c u l a r  poin t ,  For t h e  p a r t i c u l a r  
cells that we receiva i n  t h i s  program w e  were able t o  measure 
a very cons i s t en t  total  pre-charge, and a f t e r  cycl ing a 
f a i r l y  cons is ten t  electroc!!ernically measured precharge using 
. . . * 
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t h e  procedure of a c/Z discharge i n t o  reverse ,  which i s  a 
d e s t r u c t  test. 
If we g o t  another s i z e  cell, o r  another l o t  of 
cells from G.E. today I d o  no t  be l i eve  w e  would ge't the 
same r a t i o  of e lec t rochenica l  t o  chemical pre-charge, 
because I made some measureme'nts on some other cells, 
and they don't g ive  you the same ratio. And t h e  same th ing  
app l i e s  t o  SAFT, by the way. 
-One of t h e  major p o i n t s  t h a t  we have been making 
t o  d a t e  is  t h a t  i f  you want t o  know how much pre-charge 
you're g e t t i n g  i n  your cells, you're going t o  have t o  use 
some method of determining it by both e l ec t rochen ica l ly  and 
then by some form of chemical a n a l y s i s  t o  determine what 's 
remaining, 
MIPEL: Rampel, General Electric. 
- Jim, you mentioned before t h a t  possibly what you 
may do on sone cells later on i n  o r b i t  t o  determine t h e  
amount of chargeable cadmium hydroxide a t  the top is t o  
continue t h e  pre-charging s o r t  of technique, and so on, 
I only want to  po in t  out ,  t h a t ' s  a good idea. But keep i n  
mind t h a t  a t  t h a t  s t age  of t h e  game t h e  separa tor  has  becoine 
much d r i e r ,  the reconbination rate has  increased, and i t  nay 
be q u i t e  d i f f i c u l t  t c  perform t h a t  perhaps without adding a 
l o t  of e loc txoly te ,  or something of t h a t  kind, 
And i n  some cells, even adding o l c c t r o l y t e  and 
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maintaining the close spacing that you have in tho cell, it 
still may be somewhat impossible to fully charge up the 
cadmium hydroxide. 
DUlJLOP r What utilization do you expect- f ram a 
G.E. plate after two years of operation? 
RANPEL: What plate? . 
DUNLOP: Let's take the program that we're talking 
about here. The plates that we have appear to have a 
70 percent utilization after about oae or two years of opera- 
tion. 1t.seems to remain fairly constant.-after that. 
Is that about the number that you t~ould expect 
these Intersat-4 plates to give? .. - . . 
RMIPEL: 1Sow you're talking about the cadmium 
plate. Yes, I would expect that utilization to continue. 
MAIJRER: I think we have a little more data 
here to show. Joe O'Rourke has some things he wants to show 
before it gets too late. 
I would like to make one other comment, however, 
and that is that in doing these various manipulations of 
reversing and so on, we're upsetting the balance of the 
potassium hydroxide concentration. So we have to worry 
about that, too. tte lose water and we change the reactivity 
of OH and water. 
O'ROURKS: It's getting kind of late, and possibl 
the data that I have to present night confuse things. But 
24 
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I'll present  it a n p a y .  
Up u n t i l  n w  most of the discussion centered on 
g e t t i n g  r e l i a b l e ,  or cons i s t en t  pre-charge measurements a f t e r  
some type of a burn-in period is first performed. The d a t a  
t h a t  I have found shows t h a t  you g e t  q u i t e  a v a r i a t i o n  i n  
pre-charge depending upon when t h e  a c t u a l  pre-charge adjust- 
ment is  done r e l a t i v e  t o  the time from when these  cells 
were f i l l e d  with e l e c t r o l y t e .  
This d a t a  w a s  obtained on t h e  OAO serial number 
34.35 b a t t e r y  bui ld.  These t w i .  b a t t e r i e s .  are t h e  ones t h a t  
. . 
are i n  Me OAO satellite r i g h t  ou t s ide  the room there.  
Essen t i a l ly  what we did -- we d id  t h i s  at Gulton - 
we measured t h e  oxygen t h a t  was being vented during the . 
c e l l  bui ld ,  This is with Gulton's standard pre-charge step.  
And w e  co l l ec ted  t h e  gas  generated, which w a s  near ly  e n t i r e l y  
oxygen, i n t o  l-liter graduated cy l inder s  which were f i l l e d  . 
with water. And i n i t i a l l y  we  had t h e  tubes set i n  t he  bottom 
/ '---._ 
of the graduated cyl inder  such that the oxygen w i l l  bubble 
up through. And we r an  i n t o  some d i f f i c u l t y ,  
Apparently some pressure had been forned a t  t h e  
t o p  of the  rubber tubing. And t h i s  c rea ted  enough of an 
ohs t ruc t ion  t o  prevent ready flow of gas ou t  of t.?e cell. 
And we're not  too  su re  about sane of t h e  gas measurements 
w e  obtained t h a t  way. 
After  wo changed the procedure and put  the rubbor 
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tubing up near the top  surface of t he  graduated cyl inder  
while it was inverted,  i n  such a way t h a t  Mere  was a 
small a i r  pocket there,  so t h a t  when t he  gas cane out  it 
simply forced t he  l e v e l  of t he  water d m ,  we obta'ined a 
l o t  more r e l i a b l e  gas measurements, 
ee, Okay; Sone of these  points  may be hard t o  s 
. - 
1 
I 
They're r e l a t i v e l y  close t o  the axes. 
The A's represent  the gas generated f o r  the 
Gulton t h i r d  e lec t rode  cell; they call it the anhydrode. 
And the  0's represent  t h e  amount of gas t h a t  was evolved 
f o r  t h e i r  standard cell. And t he  'x'  ax i s  is t h e  hours 
of stand time from t h e  time t h a t  t h e  cell  was f i l l e d  v i t h  
e l e c t r o l y t e m t i l  the time t h a t  the pre-charge adjustment 
was made, 
And, as you can see,  these  points  here -- I be- 
l i eve  the one c lo se s t  t o  here was one hour stand tine before 
tAe pre-charge adjustment w a s  made, And these here were 
s i x  houxs soaking time before t he  pre-chqirge adjustment. 
You can aee t h a t  t h e  gas t h a t  was evolved, the  
oxygen evolved, was very high and very t r ans i t o ry  during 
this period, and t h a t  a f t e r  about approximately t en  hours o r  
1 
s o  of soaking tine wc got  a very: uniforn anaunt of oxygen 
evolution, 
Poasibly what was occurring was, i f - t h e  negative 
electrode wasn't s u f f i c i e n t  wetted, mast of t h e  gas, insteac 
of recombining w i t h  the  negative, j u s t  vented r i g h t  out  of 
(Slide:184*) * 
. . 
What I d id  here was, I plot ted  the  ac tua l  pro- 
charge negative capaci ty which we  measured f o r  t h e  ba t t e ry  
bui ld p r io r  t o  t h e  one I j u s t  showed you. And we're seeing 
- the  same type of trend. Those cells which hadthe pre- 
charge adjus&nt r e l a t i v e l y  shor t ly  a f t e r  t he  cells were 
f i l l e d  had higher pre-charges than those which were adjusted 
roughly a day a f t e r  they were f i l l e d .  
- .r (Slide-185:) * 
Thi s  j u s t  shows a p l o t  of the gas genexated, the 
oxygen obtained versus the ac tua l  measured pre-charge f o r  
the 34,35 ba t t e ry  build. And the dotted l i n e  is t h e  theoret i  
cal 220 miXffl i tersof  gas oxygen per  ampere hou* of discharge 
negative capacity. As you can see, t he r e ' s  qu i t e  a b i t  of 
var ia t ion  about the l i n e  bu t  y e t  the re  i s  a strong correla-  
t i o n  with tho points  also. 
Some of t he  ac tua l  TN-1 measurements we made, 
as you can see the  cells d id  gas. --referring t o  t he  points  
on the bottom, the cells di'd gas. And yet ,  as was mentioned 
e a r l i e r ,  we d idn ' t  have any e lec t rochenica l  measurement 
obtained. This was obtained r e l a t i v e l y  sho r t l y  a f t e r  the  
pre-charge adjustment. 
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Essen t i a l ly  I ' m  saying it wasn't much of a burn- 
in .  
That 's  a l l  I have, 
MAURER: Any coments?  
BETZr A number of things+- I n  my previous employ 
I lived through a number of these  problems along with you 
guys. I might mention a f e w  things.  
On cells very s i m i l a r  t o  the -- o r  pre-charged i n  
a manner similar t o  0, t h a t  p a r t i c u l a r  l o t  of OAO, 
normalizing t h e  pre-charge we found a sigma of about s i x  
minutes and a man of about t h i r t y  minutes. Unfortunately 
t h a t  -- they were a l l  charged r e l a t i v e l y  soon a f t e r  pre- 
charge, o r  a f t e r  ac t iva t ion .  . I ! .> T. . , 
Also I n i g h t  mention that the reason the re  was . 
a 24-hour l a g  w a s  because t h e r e  wasn't enough equipment 
t o  handle a l l  t h e ' c e l l s  s o  t h a t  you could measure , the  oxygen 
Secondly, a t  t h e  time of t h i s  OAO bui ld  there was 
a ' d i f f e r o n t  technique ava i l ab le  f o r  providing pre-charge. 
I n  f a c t  I might mention it was 20-ampere-hour c e l l s ,  and 
they ' re  i n  Mariner Nars 71 ou t  there r i g h t  now, The pre- 
charge had an average of about 18 minutes, which would be 
about t h r e e  impere hours on a 20-anpare-hour c e l l .  The.  
standard devia t ion  was +about t h r e e  minutas, as I r e c a l l ,  
which would be comparable t o  Dunlop's p lus  o r  minus an 
ampere hour.on a 15, There were r e l a t i v e l y  l a rge  samples 
.- t w b l l  ,P 1 
:. 
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hqra of th ree  t o  f i v e  cells per  40 f o r  a couple of hundred 
. * 
cells i n  both cases ,  I 
What I wanted t o  say, though: the technique f o r  
measuring pre-charge w i l l  produce f a i r l y  reproducible r e s u l t  
with reasonably l a r g e  sample s i z e s ,  
Also, it 's much b e t t e r  i f  you have soma measur- 
ab le  pre-charge t h e r e  e l e c t r i c a l l y ,  For instance,  as f 
indica ted  recent ly ,  ATS has now achieved the .u l t imate :  w e  
have zero pre-charge and zero  standard deviat ion;  measurable 
as you found. 
I th ink  t h e  i n t e r e s t i n g  po in t  on your curve also 
is  t h a t  these  is a threshold,  And i n  Dr .  Font 's  d a t a  it . 
was t h e  sama thing,  That you must permit a c e r t a i n  amount 
of oxygen , t o  escape from t h e  i n i t i a l  state before you're 
going t o  measure anything. And it looks' t o  be, i n  t h e  
20-ampere-hour s i z e  cells here t h a t  he had, something maybe 
i n  t h e  order  of 4 t o  6 ampere hocrs. Z think t h a t  agrees 
with ray reco l l ec t ion  of what the  oxygen o f f s e t  was, from 
u t i l i z i n g  a base l ine ,  a c t u a l l y  a r e v e r s i b l e  basel ine.  
~ u t  depending on t h e  technique of pre-charge 
c e r t a i n l y  t h e r e  are nore uniform ways ava i l ab le  today t h a t  
everybody knows about, f o r  s e t t i n g  pre-charge, than what 
you're using on OAO. And they were ava i l ab le  a few years  
ago. And I think Grumman chose not  t o  use them. 
KRAUSE: Krause, JPL. There has  been a l o t  of 
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coacrrq expressed over  pre-charge t h i s  a f te rnocn ,  2.nd 
perhaps I would l i k e  something c l a r i f i e d ,  t h a t  being wllero 
does t h i s  concern r e a l l y  l ie? Can anyone make any g e n c ~ a l  
comments about f a i l u r e s  t h a t  have occurred i n  a p p l i c a t i o n  of 
batteries due t o  pre-charge problems s p e c i f i c a l l y ?  Can 
anyone p inpoin t  t h a t ?  
Secondly, can anyone answer i f  t h e r e  is  a type  
of cyc l ing  regime -- temperature,  cycle l i f e ,  l i f e t h e  i n  
gene ra l  -- where pre-charge is  o r  is  no t  a cri t ical  itcn? 
And are pre-charge techniques  t h a t  are p r e s e n t l y  being used 
s u f f i c i e n t  f o r  a g r e a t  number of a p p l i c a t i o n s ,  and are w e  
g e t t i n g  worried over something f o r  nothing! o r  i s  t h e r e  
r e a l l y  a problem? . , . - 
' FORD: Ford, NASA Goddard, I would l i k e  t o  answer 
t h a t  ono. 
Stan, as you,and 'most everybody here ,  a r e  auare,  
one of the problems t h a t  l ed  us  down t h i r  pa th  t h a t  we're 
c u r r e n t l y  pursuing today was back i n  1968. I t  was involving 
a spacec ra f t  b a t t e r y  for t he  OAO program. 
We had been running cel l  tests, and wo d i d  observe 
through c e l l  test  a t  Goddavd o u t  of a f l i g h t  l o t ,  that 
a f t e r -  I rerncnbor p a r t i c u l a r l y  it was approximately 1300  
cyc l e s  i n  a nea r  earth orbi t  a t  about 15 percen t  depth,  
we begin t o  see a c e l l  vo l tage  divergence on charge. d his 
n a t u r a l l y  d id  not  concern us. But then as we watched it 
be-Fede18l Reporters. Inc. 
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progress  it g o t  worse with t m c r  LIT I .  L t i l  ilrit.!, 
To m&e a 10.1~~ story she:-t, ;.:c rcsalvcc? ti;,;:; khat 
the s i t u a t i o n  tha' wc were o!>servinrj var,  onc c?uc to c c l l s  
becoming negat ive  l i m i t e d  w i t h  c y c l i n g .  Rncl I t h i n k  t h i s  
i s  a t t r i b u t e d  t o  -- i f  you Look a t  mw of the data that 
has been presented here  and else::t..r.zc, t h a t  :;hen y u  build 
a cell and you look at it i n  the e a r l y  life of it, you g o t  
good u t i l i z a t i m  i n  the nega t ive ,  or kcttcr utilization than 
you do get six moriths domstre ;u .~.  
G As you cyc l e  t h e  cell, t h e  u t i l i z a t i o n  i n  the 
nega t ive  f a l l s  o f f ,  and perhaps reaches some steady sta te  
value.  Although I have seen data from a XASA progran where 
certain l o t s  of n e g a t i v e  plates do not  n e c e s s ~ ~ i . 1 : ~  s t a S i l i z e  
with .cycling.  
Vow let's take the two cases.  
I f  you assume that t h e  nega t i ve  ;>lri4:r- ca;l;ir.! t - r  
s t a b i l i z e s  with cyc l ing ,  t hen  all lrou have to w o r r y  ab.:ut 
is having sufficient oaerc:.arge capability on C a y 1  t o  a l l o w  
that &gradat ion i n  the n e q a t i v ~  electrcxie. 
But  then  yo?,! take t h e  se a n d  s i t u a t i c n ,  which I 
don ' t  have an answer t o ,  tha t  t h e  n q a t i v c  electrock does 
degra3e and cont inues  t o  degrade; it does not 5:-;ow st;: . i j i l i ty 
a f t e r  a burn-in period.  And X'n not sure a:-.yone kno.i;s : h a t  
a s a t i s f a c t o r y  burn-in period is. 
We d i d  no t  fail ..:ells ir. the test because we hail 
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pressure  gauges, we took mil, samples, an2  ;.re wcrc ab le  t o  
i d e n t i f y  t h e  probl em. 
We c a r r i e d  it one s t e p  further. Wc g o t  involved 
and b u i l t  another b a t t e r y .  3 u t  we know today \re didn't 
r e so lve  the problem i n  b u i l d i n g  t h a t  b a t t e r y  either, because 
we got those  cells in-house from that l o t ,  and we t e s t e d  them 
approximate1y:a'year..  .. Thi s  data i s  docmentcd i n  t h e  next  
document t h a t  I have l e f t  on t h e  t a b l e ,  and p a r t  of it was 
r epo r t ed  in t h e  1970 Power Sources Conference. 
, We did observe,  after about 4000 cyc l e s  on those  
f l i g h t  cells f o r  tho A-2 spacecraf t  -- the one , e 8 v e  been 
t a l k i n g  about dur inq  this two-day meeting -- that one of 
those cells  began tc diverge in voltage. --divcrgcncc w ~ a n i n g  
increase .  And after a poriod of time, appro::inately L G O O  
c y c l e s  i f  I remember correctly, t h i s  c e l l  began t c  shorr a 
g t adua l  p ressure  i nc rease  wi th  cyc l ing ,  Ilo chanqa i n  test 
' cond i t i ons ,  just a gradual b'clild-up i n  t h e  c.: Y 3 pressure .  
And on a cycle-by-cycle b a s i s  t h i s  i s  not obvious,  b u t c n  
a day-by-day, and p a r t i c u l a r l y  a week-by-week b;si.s, you 
begin t o  see t h i s  p ressure  build-u?. 
Now on t h a t  ce l l ,  by using a technique of -- we 
discharged t h e  pack dowr?, we reversed that. c e l l ;  i t  was a 
C/10 rate; and removed some pre-char?c, an" thcn p u t  t h e  
pack back on cycl ing.  And we d i d  indeed b r i n g  the  averchsrg? 
vol tage ,  o r  b r ing  t h a t  c a l l  hack i n t o  linc: with t h e  other 
-Federal Reporters, Inc. 
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packs, 
Something I haven't  mentioned t h a t  i s  pe r t inen t  
t o  t h i s ,  because I mentioned t h a t  was a group of c e l l s  ou t  
02 a f l i g h t  l o t .  Well, we have observed c h a r a c t e r i s t i c s  
on t h a t  f l i g h t  b a t t e r y  today, o r  e a r l i e r  t h i s  surmer, t h a t  
lead u s  t o  be l ieve  t h a t  we have t h e  same symptoms now i n  
f l i g h t ,  
I ha te  t o  br ing t h i s  up, because it can g e t  q u i t e  
involved, but ,as  n o s t  of you know, w e  have one c e l l  i n  each 
battery that has a t h i r d  e lec t rode ,  And, i nc iden ta l ly ,  the re  
is some cor re la t ion  i n  the d a t a  -- looking back through t h e  
.manufacturing data -- t h a t  t h i r d  e lec t rode  c e l l s  going 
through the n a n u f a c t u r i ~ g  process,  have a c e r t a i n  tendency 
t o  come ou t  with higher l e v e l s  of pre-charge. And I think,  . 
without going i n t o  d e t a i l s ,  I could show you da ta  t o  v e r i f y  
this. 
So what we observed back d t r i n g  t h e  e a r l y  spr ing 
of t h i s  year,  t h a t  under eimi lar  operat ing con2i t ions th?  
f l i g h t  ba t t e ry ,  t h e  t h i r d  e l ec t rode  w e  s t a r t e d  ohserv i l~g  
what w e  ca l l ed  an anomaly on one of the  t h i r d  e l e r t r o d e s  i n  
t h e  f l i g h t  b a t t e r i e s ,  of which the re  a r e  three ,  W e  became 
q u i t e  concerned because w e  had had about two and a ha l f  
years  of operating time on t h i s  ba t t e ry ,  and we saw something 
here that we had never r e a l l y  observed on ground t e s t i n g  -- 01 
perhaps i t ' s  b e t t a r  t o  say we had never r e a l l y  looked a t  it 
,t 
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i n  d e t a i l  on ground t e s t i n g .  
What we observed is, i n  fact, as  i f  t h e  t h i r d  
e l e c t r o d e  w a s  l o s i n g  s e n s i t i v i t y )  even though w e  were chsrg i :  
cyc l ing ,  as we normally do, t h e  t h i r d  e l e c t r o d e  on one 
battery just ceased t o  come up dur ing  charge. The o t h e r  two 
p e r f o r m d  as they  had been i n  t h e  p a s t .  
This went on, and w e  began t o  analyze t h e  da ta .  
And i n  about another  month w e  no t iced  another third elec- 
t r o d e  dropping o u t  of the norna l  range of operat ion.  
I 
, So as we looked f u r t h e r  i n t o  t h i s  we set up a 
series of  tests t o  try t o  f i n d  o u t  i r o n  ground -- and t h i s  
is  p r s t t y  d i f f i c u l t  t o  do because you have very l im i t ed  
* d a t a  to look at. But we arranged a series of tests where 
we tried t o  analyze what t h e  problen was. 
E s s e n t i a l l y  w e  found o a t  t h a t  i f  w e  reducdthe  
overcharge on the b a t t e r y  by lowering t h e  BVLS l e v e l  co1:- 
t ro l ,  which lowers the valkage point a t  which you ' re  con- 
trolling the' b a t t e r y  and, consequently,  iovrers t h e  re- 
charge,  and stayed t h a t  way f o r  two o r  three days,  and then 
recycled hack up t o  a high overcharge cond i t i on ,  t h e  t h i r d  
e l e c t r o d e s  all shotred a very healthy response and a l l  cone 
back t o  near-norm81 condi t ion.  
We s tayed  there a t  a medium t o  h igh  overcharge,  
i n  a range of 120 t o  1 3 0  percent .  And one of t h e s e  -- poss i -  
b l y  two of these t h i r d  e l c c t r o d c s  would then,  over  a per iod 
5 24 
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of days, start decaying again and dropping out. 
We did this on two diffemii'i  sccasions, By that 
time we had done extensive investigation into the test data 
that we had. And we began to realize that one of the things 
that will kill the third electrode is the presence of 
hydrogen in a nickel-cadmium cell. 
Now I can't explain all the ramifications of 
this, other than the fact to tell you that the test data we 
have shows that as you get high cell voltages and begin to 
generate hydrogen you can observe anipparent decrease in 
the sensitivity of the third electrode in the same relative 
oxygen environnent. , .  
We have seen furthcr'indications.of this some 
. time early in the program when some cells were reversed, and 
we noticed that on initial conditioning cycles, trying to 
rejuvenate the cells, that the third elect?ode stayed 
.negative for quite a while, and it finally recovered over 
a period of two or three days. At that time we knew there 
was hydrogen pressure in the cell, 
As a result of all this, we have inposed additions 
operating restrictions on the spacecraft. We're operating 
at a much reduced voltage level. We are not suffering any 
degradation in capacity because of this. We have reduced 
our recharge in the range sonewhere below 110 percent; in 
fact, we have followed this with ground tests and demonstrate 
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t h a t  we could maintain t h i s  b a t t e r y  w i t h  105 percent re- 
charge. 
So I think t h e  da ta  t h a t  Joe O'Rourke presented 
yesterday adds add i t iona l  information on this when he shows 
a c h a r t  t h a t  showed t h a t  what w e  c a l l  our  shunt charge t i m e  
t - d  decreasedky approximately about t e n  ninutes .  
Now t h e  implicat ions are simply t h i s :  We axe 
convinced t h c t  i n  those f l i g h t  b a t t e r i e s  today we have 
considerable c e l l  vol tage  divergence i f  we're allotred t o  
overcharge. And when I say novercharge' mean put i n  a 
respectable  overcharge b u t  no t  excessive. By maintaining a 
very marginal overcharge on t h e  b a t t e r y  we have been able 
t o  keep t h e  t h i r d  e l ec t rodes  back, and they are functioning 
what.we consider properly. . . . 
But a l l  w e  have t o  do today is t o  allow t h e  b a t t e r  
t o  go t o  a r e l a t i v e l y  higher  overrharge condi t ion,  and tce 
w i l l  indeed see one o r  two of these  t h i r d  e l ec t rodes  begin 
t o  drop ou t  again. And i t ' s  p r e t t y  cIear-cut now. This  is  
a d i s t i n c t i v e  pa t t e rn  t h a t  ore have es t ab l i shed ,  
GASTON: Gaston, Grunman. I would j u s t  l i k e  
2 
to go back t o  Nr. Betz' remark before,  t o  br ing  it i n t o  
proper perspective.  
H e  someho.: -- and I hope I don' t  misquote him: he 
s a i d  t h a t  there were various o the r  pre-charge techniques 
avai lab le ,  and Grunman chose t o  s t a y  with one. W e l l ,  f o r  the 
Inc. 
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record,  u i i t i l  1368 Grumman did not  know what t h e  prc-charre 
procedure is; it was p r o p r i e t a ~ l ;  and the o t h e r  pre-charge 
techniques became, I would say about t he  l a s t  year or yoar 
and a ha l f .  By t h a t  tine t h e  program was qua l i f i ed .  And 
w e  would much ra thez  l i k e  t o  s t a y  w i t 5  the one which we ha 
before,  t r y  t o  con t ro l  that, b ~ E o r e  we go t o  other techni- 
ques. 
MAURER: Jim? 
DUNLOP: Jim Dunlop, from Comsat. .. e 
I would l i k e  t o  address t h a t  quest ion about - 
pre-charge and why we have pre-charge. 
It's necessary in a battery apparent ly t o  ad jus t  
t h e  p o s i t i v e  with resn5ct t o  t h e  negative. And t h e  methods 
t h a t  a r e  cu r ren t ly  being used are t o  ad jus t  t h e  s t a t e d  charge 
of t h e  pos i t ive  i r i th  r e spec t  t o  t h e  negative by pre-charge. 
But t h e  reason t h a t  you .  do it is n3t  rea l ly-  It's n o t  
r e a l l y  as important how much pre-charge you p u t  i n t o  it as 
how much overcharge pro tec t ion  you have, I t e l i e v e .  
Unfortunately, we've been t a l k i n g  about "pre- 
chargeu and I th ink  vhat  we're r e a l l y  d iscuss ing  i n  terms 
of the synchronous appl ica t ion  is how much overcharge pro- 
t e c t i o n  w e  r e a l l y  have. 
And the sncond poin t  w*re  discuss ing  is how t o  
measure the  mount  of overcharge pro tec t ion  w e  have. And, 
unfortunately,  a s  was ncntioned earlier, it doosn't  seem 
wb20 
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t h a t  t h e r e  i s  -- it seems t h a t  the re  is some concern about 
the  b e s t  way t o  measure it. And what w e  were proposing i n  
this, o r  presenting i n  the  work t h a t  we have, i s  a method 
j u s t  t o  measure both the overcharge p ro tec t ion  o r  t h e  amount 
of pro tec t ion  you have before you 're going t o  s t a r t  g e t t i n g  
i n t o  a problem with hydrogen evolution. 
And t o  do t h a t  it seems necessary t o  measure 
pre-charge. 
KRAUSE: Krause, JPL. 
, I agree with you, Jim, and t h a t  was t h e  poin t  I 
. . 
was r e a l l y  d r iv ing  a t ,  t h a t  we keep t a l k i n g  about pre-charge 
and it has hecome apparent today t h a t  measuring pre-charge 
does not  help you r e a l l y  determine what your a c t u a l  over- 
charge pro tec t ion  is. 
DUNLOP: I don't  agree w i t h  t h a t .  
KRAUSE: W e l l  you a r e n ' t  r e a l l y  . co r re la t ing  t h e  
-two, because t h e r e  seems t o  be some i nac t iva ted  spec ies  a t  
one end t h a t  have RO c o r r e l a t i o n  with what i s  going on a t  
t h e  o the r  end. And I think you've got t o  t a l k  about both 
and no t  j u s t  dwell on pre-charge here,  
I agree with you , we've go t  t o  look a t  both 
ends of t h i s  th ing  and n o t  j u s t  dwell on pre-charge. 
I t  seemed l i k e  t h e r e  was a g r e a t  concern over 
t h a t  one word and that one concept, and I thin). they are 
two things.  
24 
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FORD: Maybe we've been t r y i n g  t o  grab t h e  
donkey by i t s  t a i l  and w e  should be t r y i n g  t o  l ead  him by 
his head. 
LACKNER: Lackner, Canada Defense Re,search. 
I agree with some of the comments t h a t  Nr. Dunlop 
has been saying. 
Now he's saying we should have an e f f e c t i v e  
p o s i t i v e  t o  negat ive r - t i o ,  i f  X read him r i g h t .  Now we 
have s t i p u l a t e d  t h i s  i n  our szf-.: ': ites a s  being an e f f e c t i v e  
1.7-to-1. We w r i t e  "effective." So i f  t h e r e  is any pre- 
charge it goes above t ha t .  
1Jm t h e  way we g e t  t h e  e f f e c t i v e  i s  by matching 
p la tes .  So ve match t h e  c a p a c i t i e s  of t h e  p l a t e s ,  n o t  by .. 
pre-charge. . . .  
. . , . . .  
So a very simple th ing  would be i f  you had a 
1.7 aap hour negative aga ins t  a 1 amp hour pos i t ive :  which 
ycu can measure i n  an open v a t  before you even put  t h e  
p l a t e s  together.  --instead of t r y i n g  t o  play games using 
pre-charge . 
DUNLOP: J u s t  put  them together;  i s  t h a t  what 
you're saying? 
LACKPIER: Y e s .  
DUNLOP: You don ' t  do anything t o  then; you j u s t  
put  them together  and s e a l  then up? 
i Ace -Federal Reporters, Inc. 
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RAMPEL: Hiznpel, General E lec t r i c .  
Ten percent pre-charge has been mentioned, and 
i f  I remained s i l e n t  it could be construed t h a t  I am i n  
agreement with t h a t  l eve l ;  so -- 
(Laughter) 
And I take  it t o  mean t o t a l  pre-charge, when 
we're saying 10 percent. Okay. 
Going back t o  D r .  Font of GAFT, with h i s  var ious 
pre-charge l e v e l s ,  he sumnarized it and sa id ,  Well, t h e  
l e v e l  of pre-charge i s  a compromise. I agree with %%at. 
It's necessary t o  have pre-charge, and I f e e l  t h a t  we need 
far more than 10 percent. But by t h a t  I ' n  no t  suggesting 
t h a t  we go ou t  t h e  o t k r  end. . . . I. , . I  ., r ., 
- ' But I'm saying here t.hat w e  need nore than 
1 0  percent - in  order  t o  s u s t a i n  problems corning from los ing  
l e v e l s  of :vol tage  on discharge with t i m e .  
X)UNI,OP: Guy, I th ink  I would agree with t h e  
f a c t  t h a t  you do need sone pre-charge. And t h e  amount t h a t  
you need seens t o  be one of t!!e argunents. 
There seen t o  be two argunents: t h e  mount  t h a t  
you need, and how t o  measure it. 
Now taking the  amount t h a t  you need: i n  t h a t  
program t h a t  D r .  Fon!. described, i n t e r e s t i n g l y  enough t h e  
l e v e l s  t h a t  were used t h e r e  a r e  2 percent,  20 percent  and 
30 percent,  approxinately. You n o t i c s  t h a t  t h e  mount  of 
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pre-charge i n  the case of the lowest o m  was about 8, 7 o r  
8 ampere hours i n  a 72-ampere-hour c e l l .  That 's  10 percent. 
The second casa was about 15, and t h e  t h i r d  case was about 
20 ampere hours of pre-charge. 
Now we don' t  r e a l l y  know- We do know t h a t  the 
. ..- 
pressure doesns t  seem t o  be a fac tor .  We a l s o  know:-- I 
think what your comnent i s  -- t h a t  the re  i s  an e f f e c t ,  an 
apparent e f f e c t  on the measured capaci ty  i n i t i a l l y ,  ampere 
hour capaci ty  of ' the p o s i t i v e  p la te ,  
I 
I 
, Is t h a t  the po in t  t h a t  you were making? 
RAMPEL: I ,  s i r  The po in t  I ' m  making is  t h a t  
the  cell a t  t h e  10 percent  l e v e l  of t o t a l  pre-charge w i l l  
r ap id ly  become negative l i m i t i n g  with l i f e .  . ,.A. - . . . ! .& ; .  i,:.. 
DUNLOP: Well, Guy, the only comment I can make 
is  t h a t  your c e l l s  t h a t  I have been t e s t i n g  would not  have 
b&orne negative l imi ted  based on t h e  r e s u l t s  t h a t  we 
presented today, 
FORD: Are we t a l k i n g  about 10 percent  of Day-1 
negative capaci ty ,  o r  1 0  percent  a f t e r  hurn-in? 
DUNLOP: Floyd, a s  I show on t h i s  graph up here,  
and I ' m  going t o  repeat  t h i s  many times, I guess, today, 
t h e  ampere-hour capaci ty  of those p l a t e s  d i d n ' t  change from 
, . 
Day-1 t o  Day-20 i n  t..ms of : y l a . ' ; t ~ t a l  , .- measured ampere-hour 
capaci ty  of t h a t  negative p la te .  It was 46 anpere hours on 
Day-1 and it was 46 anpere hours three years  later. The 
total measured ampere hour capacity of those plates had not 
changed over that entire three-year period. 
We didn't even see it change due'to this effect 
that you're talking abaut of the soluble cadmfm. Wc were 
measuring plus or minus 1 ampere hour, 46 plus or minus 
1 ampere hour. 
FORD: Yes, Jim, I acknowledge that. But when 
, we say atotala ,I'm concerned not with the total but with the 
electrochemical. And that's what I'm saying: should we base 
it on what the electrochemical capacity is after this burn- 
in period, and make it 10 percent of that? Then will we I 
have sufficient pre-charge to prevent the prohlem that Guy I 
has mentioned of fading? .. , . , . . - ,. . ' . : .  , .. . . . I 
DUNLOP: Okay, Floyd, I go back to the data that , I 
I 
we presented today. ,n that cell we had a total measured I 
e~ectrochemical capacity, total 'determined. That's measured 
chemically and electrochemically. 46 ampere hours. Ne had 
4 ampere hours or less of cadmium' chargeithat could not be 
discharged. And we're operating that cell not completely 
condition and ,the 50 percent discharged cond_C+,ion. We're I 
nowhere near tho pa*.nt at which we might becom negative I 
limited. And we had no indication from the data that we I 
saw that that cell would have ever become negative limited I 
if we would havo put into that cell a largo -- if we had put I 
:4cc -Federal Repaterr, Inc. 
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i n t o  t h a t  cel l - -  There was no reason t o  pnt  i n t o  t h a t  cell  
aiore than 4 or 5 ampere hours pre-charge, based on our 
r e s u l t s  t o  date, 
MAURER: I would l i k e  t o  mske a conment. 
There seems t o  Se a tendency among one fac t ion  
hare  t o  say, Should the  pre-charge be 1 0  percent,  20 percent 
o r  zero? I t idnk t h e  pre-charge should be what you need f o r  
your p a r t i c u l a r  applicat.: . 
Some of us are exposing t h e  cells t o  a whold lot. 
of overcharge, and under those condi t ions the  amount of 
pre-charge can be r e l a t i v e l y  smaller, But f o r  somebody who 
wants to use t h e  c e l l ,  where he cycles  it t o  e s s e n t i a l l y  no 
overcharge, or even cycles it down almost upside down, then 
t h e  amount of pre-charge night need t o  be q u i t e  a b i t  hig!;er, 
So I th ink  w e  have t o  bear  that i n  mind and 
tailor these to  t h e  app l i ca t ion  we're t a l k i n g  about. 
wIPXLt I agree, Dean. 
And, i n  addi t ion  t o  t h a t ,  pre-charge l e v e l s  
required nay a l s o  vary between vendors' d i f f e r e n t  p l a t e  
propert ies .  
FORD: Dean, a r e  you saying we've f i n a l l y  cqne 
to  the r e a l i z a t i o n  that we've g o t  t o  design a c e l l  f o r  
each appl icat ion? 
Ib\URER: Essent ia l ly .  
Fol\D: Agreed. 
r-fodetrl Repomr, Inc. 
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STEINHAUER: Steinhauer,  Hughes. 
Does it a l s o  nean we have t o  develop an analyt?.cal  
technique f o r  each vendor? 
. (Laughter) 
MAURER: Well, I w i l l  comment. 
I thiiil; YOU need t o  make measurements on each 
vendor with one p a r t i c u l a r  technique i n  which you have some 
f a i t h  and confidence personally,  and then be cons i s t en t  
and apply a c e r t a i n  s e t  of numbers t o  m e  vendc- and another 
set of numbers t o  another vendor, depending on h i s  par t icu-  
. . 
lar proper tie^. 
RIUIPEL: One nore comment. . . 
As far as t h e  necessity f o r  a givenlevel  of 
negative prc-charge, wel l ,  we did  say appl ica t ion .  But I . 
want t o  emphasize t h a t  r e l a t i v e  t o  temperature, high. . 
temperaturd, one needs a neck of a I ? t  of negative pre- 
charge. 
I4AUmR: Well I th ink  we've nearly run out  of 
quest ions now, so mqbe we s:*.ould break up and go o f f  t h e  
record i n t o  corners  and various o ther  s u i t a h l o  places.  
LA.CitBRt L a c h e r ,  Canada Defense Research. 
I just have t o  get this t i t l e  i n .  We ta lked  
about; separa tors  and we ta lked  about polypropylene and 
wetling agents. Now i n  February 1970 there was a separa tor  
symposium i n  Columbus, Ohio, put on by the Columbus Sect ion,  
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The Electrochemical Scciety,  where separa tors  were exhaustive 
l y  covered f o r  nickel-cadniun, sizver-zinc f u e l  cells. And 
D r .  presented a paper onmQC Procedures and bleasurements, 
2olypropylena Separators f o r  Sealed Nickel-Cadmium Ba t t e r i e s ,  
T h i s  is  avai lab le  i n  the standard a b s t r a c t s  of t h e  Columbus 
Section of t h s  Electrochemical Society meeting. 
It covers our po in t  of v'ew on t h e  separator ,  
t h a t  n wetting agent is  necessaq .  I t  goes through a whole 
series of tests on how w e  t e s t  t h e  separator .  It  goes 
through a table which shows t h a t  air permeabili ty does 
l c  rer t h e  pressure wi th in  t h e  cell. And s h o r t  of giving a 
d i s s e r t a t i o n  on t h e  se;?arator, I w i l l  j u s t  put  it on t\e . .  
zsccrd. . L a  * .  . 
.. . MAUIiCR: Very good. 
' I'll t u r n  t h e  r?etir:g over t o  Gerry. 
SCOW: Play I have t h e  l a s t  word, please? 
I n  my view, t h e  quest ion of a s a t i s f a c t o r y  nethod 
of t e s t i n g  is a much s i n p l e r  one than how much you need o r  
dbn't need. I v~ould hope it was one t h a t  w e  would have 
resolved a l i t t l e  b i t  mom, possibly,  today. 
But, i n  addi t ion  t o  tha t ,  I t~ou ld  like to say that 
i n  gerieral i f  one has t o  burn i n  a cell f o r  ' x '  cycles  
before one can g e t  a?y present  nethod of neasuring pre- 
charge tc work, then t h a t  nethod i s  suspect and not  very 
prac t i aa l ,  i i :  my view. Because today i n  t h e  r e a l  world of 
6 Act -Fede~al Reporters. Inc 
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purchasing c e l l s  it is genera l ly  no t  p r a c t i c a l  t o  include 
burn-in i n  acceptance t e s t i n g  i n  order  t o  purchase cells 
from a suppl ier .  t he re fo re ,  what we n e e d . i s  a method 
which could be appl ied by a supp l i e r  without having t o  go 
through a burn-in procedure, i n  my opinion;. 
Now, whatever t h e  use r  w o ~ l d  b ike  t o  do a f t e r  he 
g e t s  t h e  c e l l s  is  h i s  own business. And he.rnay be able to ,  
indeed, make a better f i n a l  d e t e d n a t i o n  a f t e r  such a 
burn-in. But w e  s t i l l  need a procedure t h a t  t h e  supp l i e r  
can use p r i o r  to  t h a t ,  
MAURER: Well I would say r e a l l y  . t h a t  the 
procedure i s  a l l  r i g h t ,  b u t  the s t a t e d  c h a r g e - i s ' r e a l l y . 1  
. b  changing during t h a t  period of t i m e .  ' -  - '  . " - ' '. '. -. 
SCOTT: The same quest ion then comes back again:. 
is it b e t t e r  -- can w e  a n t i c i p a t e  t h a t  possibly a s t r i c t l y  
ch'ernicai method is, i n  the long run, going t o  give us  sme- 
t h ing  t h a t  is  not  so dependent upon a l l  these  condi t ions 
t h a t  we could lean on as f a r  as some i nd ica t ion  of what t h e  
manufacturer i s  doir-g For t h e  purpose of q ~ a l i t y  cont ro l ,  
I 
a n d  leave electrochemical measurements u n t i l  sometirae l a t e r  
on? Is t h a t  a f e a s i b l e  approach? 
14AUR&R: Do you want to  coment? 
DUNLOP: I would l i k e  t o  make thiscomment: t h a t  
I t h i n !  it may requi re  both, with the  prcseni- teclmique, 
unfortunately,  Dr. Scott .  
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The reason I say that is this: In that presenta- 
tion that Dr. Font from SAFT-made, you will notice that 
the amount -- that it wasn't really conplete because the 
electrochenical analysis wasn't conplete at the end of the 
30-cycle test, But initially the data seens to agree very 
. 
well. 
If you notice, if you added together what he 
measured electrochemically to what'. he measured chemically, 
the result agreed with what he expected to get. 
, Did I make myself clear there? 
In other words, it was a consistent -- the results 
were consistent, but that if you'tried to use either, just 
thechenical or the electrochenical, by itself, you'would have 
seen a variation in the results. So you have to use both. 
. 
And,unfortunately, in our data to date -- and 
let me repeat this: I think I said this once before: in the 
chemical analysis it is necessary for us to first completely 
electrochemically discharge that plate before we can make a 
good chemical analysis, 
D o  ycu understand the last point? You have to 
electrochenically discharge that plate, 
SCOTT: m y ?  
DUI?LOP: ;.ecause if you leave charged cadmium in 
there that can readily oxidize. It seens difficult to make 
a chemical . . - -  not to oxidize in the process of doing the 
- Federal Reporters, Inc 
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chemical analysis. 
SCOTT: You mean if you take tho cell apart in 
an inert environment you're going to oxidize the cadmim? 
DUNLOP: f will justi.say that if we on purpose 
charged the plate, or if you don't completely discharge it, 
you don't seem to get a consistent result. T h e  only time 
you get a consistent result is when you completely discharge 
the plate electrochemically. Because the material remaining, 
you know, does not react either electrochemically or w i a  
oxygen at a very high rate, 
There are other ways to discharge St, by the way, 
just by putting in oxygen. . - ..(' . 1 . .  
- I think there are some other peopW- in the room 
that can answer that question, This has been observed not 
ly just us but by Battelle, by SAFT, and by many people who 
have worked on this procedure. And it's actually docmented 
bat the best way to do it is khe way 3. just got dons 
describing. 
SCmT: If that is true, then agree. However 
it would be worth while, I guess, being more sure that, for 
example, you could not perfom a reliable chemical analysis 
after discharging the cells to plus 1 volt, rather than havirg 
to go through an elec,rochenical step. 
FORD: I would like to make one last comment, 
Gerry, if I could. I've got to go on record with this, 
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because I w i l l  have t o  say t h a t  with t h e  exmpt ion  of t h e  
d a t a  that Dunlop has presented I have seen no data, s ince  
we s t a r t e d  looking a t  t h i s ,  t h a t  t e l l s  me t h a t  the electro- 
chemical method of looking a t  ampere-hour pre-charge is 
s a t i s f a c t o r y .  Consequently, t h e  only a l t e r n a t i v e  we have 
today is  j u s t  t o  make su re  the  procedure used f o r  pre- 
charging o r  pu t t ing  t h a t  charged cadmium i n  t h e  cell is 
s a t i s f a c t o r y  and acceptable t o  us. That I have t o  go on 
record for .  
, And t h e  only one t h a t  I know that is acceptable 
t o  m e  today is t h e  one of a con t ro l l ed  oxygen venting 
technique. : -., . 
DUNLOP : True; b u t  hot+ db you know how much t o  pu t  
i n ?  
FORD: I have as 'much confidence i n  knowing t h a t  
I ' d i d  that and measured, say, 'xl number ampere hours. Now 
you're going t o  ask m e  how do I know what ' x '  number ampere 
hours should be. For t h a t  I'll have to  r e l y  on experience. 
That 's  t h e  only type of th ing  I have confidence i n  today 
i n  running a f l i g h t  hardware program. 
I cannot r e l y  on t h e  test technique and t h e  
numbers t h a t  r e s u l t  from t h e  way it is now spec i f i ed  i n  
the  in ter im model sprx i n  subsequent Goddard specs. 
DUNLOP; Okay, Floyd. I agree with everything 
you say. But I guess I want t o  make j u s t  one more connent. 
We've presented da ta ,  SAFT has presented data ,  
and Battelle has presented d a t a  on a procedure t o  measure 
the pre-charge. And, f o r  some reason, you don't  want t o  
accept it, 
Now a l l  I ' m  saying i s  t h a t  a l l  these  procedures, 
a l l  t hese  groups t h a t  have used t h i s  p a r t i c u l a r  procedure ' 
t h a t  we're descr ibing today, have come up with a r e l a t i v e l y  
cons i s t en t  r e s u l t .  And t h a t ' s  the only poin t  I ' m  making. 
B a t t e l l e ,  SAFT, and Comsat t o  d a t e  have used a procedure 
t h a t  we've documented, t h a t  you have access t o ,  t h a t  says 
t h a t  you can measure it, and t h a t  the b a t t e r y  manufacturer 
can measure it. H e  can use t5e sane procedure. They do use 
the same procedure,, And-they can measure it, . < .  . . - .  ,  ; :  I 
' ' So i t 's  not  the f a c t  t h a t  you- You made a com- 
ment t h a t  I challenge, and t h e  conanent w a s  t h a t  you haven't 
seen any data t h a t  shows you t h a t  you can measure the pz-9- 
charge. As a matter of f a c t ,  I think t h e r e  has  been a l o t  
of d a t a  presented t h a t  says  t h a t  you can  measure the pre- 
charge; no t  j u s t  by me, b u t  by Battelle and by SAFT today. 
FORD: t4y comments sti l l  stand. 
STEI14IPUDR: J i m ,  if you're neasuring these  
things, pre-charge and overcharge protection,.  maybe'.you can 
measure them on a re ' a t ivo  bas i s ,  tly quest ion is, Relat ive 
t o  what? 
I n  o the r  words, it seoms l i k e  we have t o  e s t a b l i s h  
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corre la t ionq,  e i t h e r  chemical o r ,  you know, electrochemical 
t o  chemical, o r  whatever we choose t o  use as t h e  standard. 
But I ' m  kind of worried, a f t e r  l i s t e n i n g  t o  a l l  
t h i s ,  and seeing me&ers of tho  Spec Corni t toe i n  t h e  room, 
as t o  how long t h e  th ings  we heard today are going t o  taka 
t o  get i n t o  the spec. 
HALPERT: L e t ' s  leave it a t  t h a t .  That 's  a good 
question. 
I th ink  our quest ions a tou t  whether we were . 
going t o  have a good mee-ing here this year have c e r t a i n l y  
been answered. I think we have had a good meeting. I 
th ink  we look forward t o  next  year 's  meeting, And I think 
a l o t  of people say they ' re  going t o  do a l o t  of t e s t i n g ,  . 
W e  have recorded i n  t h e  notes  a l l  t h e  th ings  t h a t  
- . .- -.- -- --.- ---. ..--. - - - -. - ---. - . . --.- .-- 
b.,. 
they"@ going t o  do,and we're going t o  expect then  t o  r epor t  
on it next  year, 
We w i l l  h w e  material, more s p e c i f i c  d a t a  t o  t a l k  
b u t ,  and more s p e c i f i c  tests, and we' can i d e n t i f y  more 
material. 
I th ink  we've got ten  a 
very happy t h z t  you a l l  attended, 
people who have helped i n  c h a i r i n  
microphones, and so on. 
l o t  ou t  of t h i s ,  and I ' m  
I want t o  thank a l l  tho  
g and i n  helping with t h e  
I hope you a11 have a good t r i p .  And w e ' l l  
t r v  and g e t  t h e  information t o  you within .r nonth, a s  I 
said, 
I C 
Thank you a l l  for coming. 
.- (Whereupon, at 5: 35 p a . ,  the meeting was 
